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One Flow Cascade Cycle 

{in Schemes of Natural Q-as Liquefaction and Separation) 
A.P. KLEEMENKO, C.T.S. 

Institute for Gas Research of the Academy of Sciences, 
Kiev, U.S.S.R. 


The use of a multi-component mixture in the capacity of a cooling 
agent in cycles of deep and moderate cooling cycles, as is shown 
in this paper, may present a considerable thermodynamic effect. 


As is generally known, energy consumption in a refrigerating cycle 
is determined by the degree of irreversibility of separate processes 
constituting the cycle. In all the throttle cycles, which comprise 
all the steam compression cycles of moderate cold and the combined 
multi-flow cycle of deep cooling Picte cycle, the losses caused by 
the irreversibility of heat-exchange and throttling processes are 
major factors which determine the effectivity of deep cooling cycles. 


The irreversibility of a heat-exchange process is determined by the 
temperature difference in that process. 

An ideal heat-exchange process, which is characterized by a zero tem- 
perature difference, is theoretically possible only at a counter 
current, when equal regularities of alteration of heat exchange of 
cold bearer and consumer in the function of temperature occur: 


G, C , 
1 pi 


(t) = G. C 


2 p2 


(t) 


( 1 ) 


where: G^ and G2 


- amounts of substance in straight and 
reverse flows 


C (t) and C „ '/i (t) - heat capacities of straight and reverse 

^ p2 ’ 2 flows in the fpinction of temperature 


As a result of unequality of heat capacities of the substances involved 
in the heat exchange and the nonconformity of their relations to tempe- 
ratures, it appears possible to create, in most qases, a temperature 
difference only at one end of the heat exchanger. The temperature 
difference at the other end appears to be rigidly fixed by physical 
properties of the substances involved in the heat exchange . The 
values of these temperature differences are sometimes very great in 
deep cooling. As a result of this phenomenon, the coefficient of 
thermodynamic reversibility of the heat exchanging apparatus decreases. 

In order to reduce the losses during the heat exchange processes in 
cooling and liquation of gases, it appears necessary that the source 
of cold - the cooling agent, by means of which the cooling and liqua- 
tion of gas is brought about, should have about the same relation 
t = y(i) as the gas that is being liquefied. 
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The use of one component cooling agents boiling at constant tempera- 
ture predetermines high values of temperature differences at one 
end of the heat exchanger (or in the middle of it) and causes high 
values of losses on heat exchange and consequently higher energy 
cons\imption . 

Multi-component mixt-ures have variable boiling temperatures. When 
using multi-component systems, it becomes possible to achieve the 
validity of the relation determined by the equation (l) for the gas 
which is being liquefied and the cooling agent of multi-component 
composition. In such a case the temperature differences along the 
entire "length" of the heat exchanger will be the smallest, whereas 
the coefficient of thermodynamic reversibility of the heat exchanging 
apparatus increases* Energy consumption in the refrigerating process 
will be lowered correspondingly. 

According to our computations and data available in literature, the 
utilization of the propane-butane binary mixtiire , instead of ammonia, 
in a refrigerating cycle of moderate cold for achieving temperatures 
- 25° - - 30°C causes a decrease of energy consumption by 15 - 25 

The throttling of any substance without exception in the liquid state 
is always more effective than that of any substance in the gaseous 
state. The coefficient of thermodynamic reversibility of the 
throttling process of a fluid reaches very high values, amounting to 
a figure of the order of 0.8 - 0.9 in the zone of temperature beyond 
the critical. 

The transition of a gas into the liquid state may take place not 
only as a result of the condensing of the gas, but because of its 
being solved in another fluid as well. 

The presence of a solvent causes the transition of a gas into the 
liquid state at temperatures far above those of condensation and even 
at temperatures above the critical. This effect may be utilized in 
refrigerating cycles. When codling a compressed binary or a multi- 
component gas mixture consisting of gases with various boiling points 
the first component to liquefy is that having the highest boiling 
point. The liquid thus formed dissolves the other components of the 
gas mixture; and as a result the liquid is transformed into low 
boiling components, which at the given temperattire and in the absence 
of high boiling components cannot condensate. A low boiling component 
will be desorbed from such a multi-component mixture at the time of 
its being throttled (similarly as steam is evolved in the process of 
pure substance throttling) . 

The decrease of the temperature level of gas liquefaction processes 
as a result of absorption raises the thermodynamic reversibility of 
low temperature refrigerating cycles. The combining of both the 
compression and absorption cycles permits increasing the thermo- 
dynamic effectivity and simplifying the constructional design of the 
installation . 
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The one flow cascade cycle of deep cooling developed by the author 
and investigated by the author and his collaborators is based on 
the theoretical propositions listed in this paper: a multi-component 
mixture of hydrocarbons is being utilized as a cooling agent (other 
cooling agents forming ideal solutions, as freons, may be used). 

The combining of the composition of hydrocarbon mixture and pressure 
permits obtaining cold at any temperature level in the range up to 
- 160*^C and below that figure when operating voider vacuum. The 
mixture composition and pressure are selected so as to satisfy the 
heat exchange at minimum temperature differences. 

On the other hand, the mounting and the construction of the one flow 
cascade cycle are such that only the throttling of the liquid phase 
is being carried out in it. The latter phenomenon, as has been 
mentioned previously, predetermines the high value of the coefficient 
of the thermodynamic reversibility of the process. 

The suggested one flow cascade cycle which has been investigated on 
a pilot scale, may be used in the following cases: 

a) In the processes of methane liquefaction. 

b) In cycles of air liquefaction and separation - in the capa- 
city of an element of deep preliminary cooling up to the 
above mentioned temperatures. 

c) In cycles of gas separation in cracking and pyrolysis. 

d) In cold producing installations with parameters -80 - 100°C. 

In addition to the aforementioned thermodynamic advantages of cycles 
with multi-component cooling agents, the one flow cascade cycle has 
the following peculiarity: heat emission at the low pressure side 
takes place in conditions of constant evaporation of the mixture com- 
ponents complicated by purely gaseous heat exchange. The heat 
emission coefficients are hereby increased just at the low pressure 
side . 

Description of the One Plow Cascade Cycle Pilot Plant 

The pilot plant for investigating the one flow cascade cycle 
consists of the following elements’: a) a compressor, EC, withvi' 
intermediate cooling arrangements and an end cooler, b) a first 
stage liquid separator, SL-I, and a second stage one, SL-II, 

c) a heat exchanger consisting of two sections, HE-I and HE-II, 

d) a receiver R and e) a system of throttling valves, EY-I , EY-2 
and EY-3. 

Investigations of two operating regimes were made at that plant: 

a) a half-closed cooling cycle for natural gas liquefaction and 

b) a closed cooling cycle for air liquefaction. 
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Using the regime for natural gas liquefaction, the installation 
operates as follows: natural gas, consisting chiefly of methane and 
containing 5.5^ of ethane, propane, and butanes, enters the arrange- 
ment for gas drying and purification. The drying is garried out by 
means of alum silica gel up to the dew point -40 - 45 C. Purifica- 
tion from COp is carried out by means of solid potassium hydroxide 
KOH. The dried and purified gas enters the three-stage compressor C. 
When experimenting with gases containing propane and butanes only, 
the condensate, as a rule, was precipitated after the end condenser 
E in the liquid separator SL-I . This condensate was throttled in 
the widener (Throttling) valve EY-I and discharged into the low 
pressure branch of the first section of the heat exchanger HE-I . 

The steam phase was directed tinder high pressure from the liquid 
separator SL-I into the high pressure branch of the same section. 
There at the expense of the reverse flow cold and that of the evapo- 
ration of the condensate it was cooled up to the temperature -40 C. 

In this way practically all the butanes and up to 80 - 90 of the 
propane of the mixture are cohdensated and a considerable amount of 
propane and ethane was dissolved. The liquid obtained from the 
process described is separated from the steam phase in the separator 
SL-II and after having been throttled in the widening valve EY-2 is 
directed to the low pressure branch of the second section of the 
heat exchanger HE-II. The cold obtained on the, evaporation of the 
liquid is transferred to the high pressure flow and as a result it 
is fully condensated and partly overcooled. 

After having been throttled tip to the pressure 1.2 atm. and separated 
from the steam phase, the liquefied natural gas is transferred into 
the storehouse along the pipeline LEG. 

The operating conditions of the installation ini respect of pressure, 
concentrations of hydrocarbons C_, C. were so chosen as to bring 
their absolute amounts in the natural gas (in the pipeline LNG) to 
less than one half of their contents in the initial gas in the 
pipeline NG. 

The installation works in a closed circuit under the operating con- 
ditions for air liquefaction (or for liquation of natural gas with 
a very low percentage of heavy hydrocarbons), with both pipelines NG 
and LNG detached. The cold was withdrawn from the system through 
heat exchanger A-LA and was spent for liquefaction of air (or natural 
gas containing 98.5% of methane and 1.2% of nitrogen. 

Object and Procedure of Experiment 

The object of the experiment was to determine the optimum para- 
meters of the scheme: composition of cooling agent, pressure, 
temperature and position of condensate sampling. Temperature was 
measured by means of thermocouples located at sixteen points (see 
numeration in fig.l) . Testing of the cooling agent was carried out 
by means of a gas-analyzer CIATIM-51. Experiments were performed 
on a binary mixture methane-propane and a triple one methane-ethane- 
propane. Resixlts of the experiment with the binary mixture methane- 
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propane in closed circuit are shovm in figi 2. The relation - 
cooling agent composition = y>(p) (as characterized by methane 
content) - working pressure^ is 'shown in curve "a". The relation: 
temperature of liquid after throttling from liquid separators SL-I 
and Sl-II - in function of working pressiare - is ^iven in curves 
"b" and "c". 

Energy consumption for obtaining 1000 kcal of cold at temperature 
level -156°C is shown in fig. 3 • During experiipents with that in- 
stallation on a triple mixture methane-propane-butane somewhat lower 
energy consumption was obtained, the optimum being shifted to low 
pressure area. For that optimum: Working pressure: 60 - 65 ata., 
Mixture composition: 0^^ - 65?^ mol, - 20>m, 0^ - 15%. 

Temperature of liquid sampling from SL-II - from -50° C up to -30°C. 

For obtaining cold at a temperature level -40 - 80° C. experiments 
were carried out in a conventional one-stage steam compressioned 
cooling cycle with a regenerative heat exchanger (i.e. with detached 
liquid separators SL-I and SL-II, fig. l). 

Results of the experiment at a temperature of cooling water + 13 - 
+ 15 °C are shown in fig. 4. As can be seen from the grgph, energy 
consumption, when obtaining cold at the level -80 -> -70 , constitutes 
from 1.7 to 1.4 kwh per 1000 kcal. This energy consumption is lower 
than that in two flow cascade installations (comparable in respect 
of cold production) and considerably lower than the energy consump- 
tion in an ammonia cycle with two stage compression and operating 
under vacuum. 
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Fig. 2. Methane contents of cooling agent vs working pressure (temperature level f 156® C.) 
and temperature regime of the liquid separators. 
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u t o V 1 . i ri i on ( u 1 1 ‘ V h. i i ci e c o ::i ;■ ; r c s s i o n a v e c 1 e s f 1 u i d e s I* r j. , • o r i p; I n e s ou 
pen conn us 

H.S. WEINIUM'IG 

The Moscov Bauman Higher Technical School, Moscow, U.S.S.R* 

RE. Pour d^^er^liner le travail consomm^ dans un conipresseur a 
compression aoiabatirfue ou isotherme, il faut des diagrammes therminues, des 
tables de vapour surchanff^e out les Equations correspondantes . On ne dispose 
pas de ces rejiseignenionts pour les 11 aides frigorigfenes nouveaux ou peu 
connus, il est cone n^cessaire de urouver d’autres m^thodes, telle que celle 
indinu^e ci-dessous: 


Pour les calcuis, on utilise le coefficient de compressibi lit? " Pv 

RT 


ou le coefficient A^agat p => 


Pv 


P V 
o o 


Ces coefficients peuveat ^tre calculus avec one approximation suffisante 
par s imi litiKi G avec les . ^ . lu. • utilises et corrig^s S, l*a,ide <iu petit nombre 
de d ounces experimental es donr dispose. 


Le calcu: t. S ti jiSi-St* siir i * applic.;./l ^ on d e I " er, 5} at ion d'etat Pv ^ RT P* 

ost ic.i one vaii (’ e tt i . :Lii?5^7 d’apr^s les graphiques g^n^raux dens 

le cos ob l^M, dispose ces vf x. i;s ce la ^iression et la temperature critique 
ou anal y tiq .»*• < ot .. s.i Wi vaieoi ^ est connue aiasi o ue les param^tres critiques. 

Le volume ciu gaz . ; x ,;yions ^ i ev5es est plus grand que celui du gaz 
id^al, c * es t— Si-c i re > 0. oor ir cooi be ce saturation ou pour les vapeurs 

peu surc!»auf f^es son vtjiuiue est inf^rieur a celui du gaz id^al ^ O). 

La m^thode oropos^e pour le CH.lciii du travail de compression cons is te k 
com!>ar»'i (ies ti i -ugraMmes indlcateurs d*une machine id^ale compri'nant le gaz 
(iorne^ et in coicpiesseur* compriiiia.nt un gaz id^al ayant la in§me valeur de R. 

1.5' r, or lace ou diagr amine indicateur est facileuient calcul^e d'aprfes les formules 
c onnnes . 


La n^tiiode est valable pour 
c o. ii I r e s s i on ad i ab a t in ue . 


la compression 


isotherrae comme pour la 


Le travail absorb^ est ^gal ki 

(>ri (io.,n€* une m^tliode de calcul approch^ assez precis pour le dernier 
dl^^neot oe 1*^0 oat ion. 
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on donne cies formules de calcul coaiprenant les coefficients E, ou an 
lieu de , vaiabies pour n*iraporte cruelies conuitions de 
/ 


Des calculs types pour 
suivani ia m^thode propos^e 


diverses substances indiquent qiie les calculs 
connent sans peine ia precision n^cessaire. 
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Thermal diaeraiafl, superheated vapour tables or reepec- 
tive equatiouB are required for calculation of the work 
conaumption of an ideal coa5»r«saor* In the case of little 
studied substances there nay be no such data available* 

An approximate; analytical method requiring only a 
minimum nuraber of P'V-T data fo^he determination of work 
consumption in a compressor la discussed below* 

The following dimensionless group numbers sre used by 
the author in the calculation fozsBvlae: the coefficient § = ^ 

and the Amagat coefficient P r 

r\' P 

Ihe coefficient is recommended in the super- 
heated vapour region instead of the Amagat coefficient* The 

coefficient P = ^- related to the critical temperature 
may “tz ^ 

rSe used in some cases* 

Calculatiozis of work consumption in a compressor are 
baaed on the utilisation of the equation of sxates 

Pv=RTf^P 

is here a variable estimating the difference between 
the volume of real gas and that of ideal gas havini^ the seme 
value of the gas constant value R 

In the high pretisux-e region and in 

the superheated vapour region and J3 40 . 
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The value j3 may be detemined in accordance with the 
generaliaed graphs cL (Fig.l) If the dimenoionlese value 


i_ -6 

nr\ "J 




RX 


\ n 

is regarded instead of jj. 

is here the volume of the ideal gas with the saioe 



value of R at the critical pressure and the critical tem- 


perature nr 


CL 


The upper boundary curves for some substances ere given 
in graph h (Fig«l)« 

The values of j3 ^ are connected with ^ and P by simple 
relations 




E_-t- 

RX 

J3| = 2R3,(fap-T’ 


(Sir — £ 


Here t/"— ^ “ P 

\z 

In the high pressure region ^ is termed 'surplus volume'* 
In the superheated vapour region J3 is termed 'lost volume** 

Method of catlculations* 

The '.ated calculating method consists in comparing the 

thv :reticsil indicator diagrams of the compressor at the com- 
nre-u&j - ' of the jerticular real gas or vapour and at the coa- 
preaeicn of the ideal gas having an equal value of R • 

Tie calculation is valid for any region of P-V*^ (both in 
tie su jerheated vapour and high pressure regions for iaother— 
i ;a and adiabatic compressioi^ 

Shov.’n in Fig. 2 are indicator diagrams (P-V -diagrams for 
1 kg of a sxibGiance) for three P-ir-T regions* The real gas 

indicator disgram is repr^esente-d by 1— 2— 3*"4* diagram 1'— 2*— 3'*“ 
4 • iicia the same area, of ideal gas 
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with the same value of R • Apparently, the sections 3~2 and 
4-1 are respectively equal to 3* -2* and 4'“1*» consequently 
the sections 3“3* aad 4~4’ are respectively equal to the sec- 
tions 2—2* Ettfi 1-1* and determine the value of • The posi- 
tive value of la measured leftwards* 

j 

While the caleulatioa of the area 1-2- 3-4 or its doterml— 
nation by means of a planimeter may be imposBlhle, the calcu- 
lation of the areas l*-2*-3“4 and 4-3-3 ’-4* presents no diffi- 
culty* 

When plotting the line of compression or an ideal gas 
1*— 2*, it is assumed that its temperature varies in the same 
manner as a real gas does* If the real gas is compressed adia— 
batically, then it may be difficult to plot the lines of 

d 

pression ox the ideal gas* However* with the liz&e l*-2* 
in accordance v^ith the adiabatic curve of the ideal only 
a negligible error will appear as the temperature at the end 
of compression of the ideal gas Is close to that o'" r®al 


gas* In this case 


T. Jl/ 




The area 1'— 2 -3 ~-4 is calculated in accordance with the 
known formulae* 

At ieotliermal comr-r ir.aiun 


-- f\ /’• fpS 


kgm/kg 


At adiabatic ccmprees ion 

5 If 




m/kg 


The exponent of the adiabatic cu^^ve of the ideal gas is 


selected equal tc 


K =7 


0 VO 

If these data are not available, the choice is dons In 
accordance with the aui.iber of atoms in the, iiioleculc on.! a -.on 
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the molecular weight* 

The area of 4*3**3*“*^* he determined without a pXfeJ&l— 
meter by varioue methods depending upon the fact whether the 


temperature in the point 2 is known* 

If the temperature 7^ and consequently j3 ; L P, 
are known* then the area 4-3-3*-4* may be conveatlonally de- 
te rained as the area of a trapeslum* tireat prccielon ie pro- 
vided by such calculation* aa the curvature of the line 3*-4* 
is insignificant* This method of calculation is referred to 
below as *ca l o t i l atlott by the trapealum area'* 

With the tenporaturo unknown for some reason or if 
the values be determined for some other 

z^soB* then the assnaption cun be made that ~ A * 

area 4**3*‘3'**4* be deterained as the area of a rectangle plot- 
ted on the section 4**4'* ‘^hia method of calculation la referred 
to in thia paper as 'caloulatioa by the zee tangle area** 


Caloulation by the trapeslum area* 

The work oonsumed in a compressor per 1 kg of working 
substance is expressed by 



kgm/kg 


( 1 ) 


Prom the above relations tbs followii^; calculation for- 
mulae Sire derived* 

At adiabatic compression 


or 




At isothermal compression 








kgm/kg 


( 2 ) 


(3) 


(A'i 
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CaleulatloA hy the x-ect eagle area* 

Ihe expreaeion for tVie work consametl in a compreaflor per 
1 kg of working auhatanee is 




At adiebctlo conpreselon 




kim/kit 


kgm/kg 


At Isothermal compreasion 


kgm/kg 


kgm/kg 


Results of caleulatloiu 


( 10 ) 


Control calculations were carried out for the determina* 
tion of the error of the suggested method* 

Ihe paraxotere corresponding to the beginning of eoaqprea*. 
Sion and to ita end are given in tables 1 and 2 as well aa a 
comparison of the results of caloulation carried out according 
to the suggested method with the data calculated by the tables 
and diagrams* No calculations according to thermal diagrams 
were performed for air and the results of calculations by the 
area of the trapesium were taken as 1009^* 
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Table 1 

Hesolts of control oalonlatloiMi at loother—l conpreoolon 


Worlting anbstaxiaa 

freoii- 

1? Water 

rater 

Air 

Initial preaauTO^atiB* 

2,0 

50 

60 

282 

Pinal presaura»atB* 

22.0 

165 

260 

1000 

Teaporat ure t 

400 

4350 

4400 

4100 

Work coaaiu^tioA^ % 





Dataminod bj tablea and 
diagraaa 

100*00 

100.00 

100.00 

- 

Work 





Calculated b; area of trap8eiim99»05 10(l.31 

98.81 

100. 00 

" by area of rootaagla 102 

.98 106.15 

104.87 

93.71 



Table 2 


Raaalta of ecMitrol caloalati<ma at 

adiabatic coapreaaiea 


Workii^E rabataaoa 

Aaaonia 

Preen-12 

Water 

Air 

Initial preoaurotatju 

3«0 

5*0 

80 

282 

Pinal preaaarOfatB 

12*0 

26.0 

200 

645 

Initial taaparatttiNi»^C 

-5.0 

♦14.7 

♦ 320 

♦100 

Work e<m0anpti<m«% 





Deteralnad by tablea and 
diagraaa 

100.00 

100.00 

100.00 

- 

work 





Calculated by area of 

trapeaina 

98.77 

101.27 

99.22 

100 .0(0 

** by araa of 

roc tangle 

95.87 

105.14 

89.30 

93.58 
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SIMILARITY CRITERIA FOR THE DETEHMIi^ATION" OF P-v-T PARAMETERS OF REFRIGEftAhTTS 

Crit^res de similitude pour la determination des parain^trea P— v«-T des 
fluides frig^orig&nes 

i:S. BADYLKES 

The Scientific Research Institute of the Refrigerating Industry of the 
U.S.S.H. , Moscow, U.S.S.R. 


SOMMAIUE* Lea pfogrfes r^aiis^s dans ia chimie de synthase et la possibility 
d’appliquer de nouveaux agents dont les propri^t^s thermodynamiques sont peu 
ytudi^es a rendu urgente la mise au point d*une loi approchye des ytats corres— 
pondants: . 

/ /V, p , (f) = o 

Ea rorapaut avec les mythodes de correction empiriques utilisyes jusqu'A 
prysent, un certain nombre d* auteurs ont essayy d’ytablir une loi gynyralisye 
en introduisant un crit^re de similitude suppiymentaire : 

F, 

On a suppos^ CjU’il serait ainsi possible d*approcher coiisiderablement de 
la solution de ce probiyoie compiexe et que les propriytys d * un gaz imparfait 
quelconque, exprirayes en fractions des papomytres critiques correspondants , 
seront vraiment identinues. 

II y avait cependant un point faible du fait qu'on choisissait K en se 

basant uniquement sur des principes gynyraux de caract^re hypothytique . C * est 
pourquoi il y a encore une diffyrence importante dans les dimensions physiques 
prises pour les quantitys entrant dans le critSre K et on n*est airisi nulluinent 
certain qu*il soit possible de reprysenter par un seul crityre suppiymentai re 
les particularitys de diverses structures theriaodynamiques des substances nor- 
raales et composyes. 


En partajit d*une analyse purement thyorique, 1*A. prof)Ose deux crit^res 
suppiyraentaires , corabinant les caractyristiques physiques de tons les crit^res 
proposys prycyderament et ytend la loi des ytats correspondants sous la forme de: 





ou : “ -- — 

_ r} 

Kx='P~ 



"TIL . 

TT 

/I ’ 

IP cf> -- 

/'c. 

_ /P= 

utilisys : 

1 


T: teinpyrature (^K) 

426, 


P: pres si on de vaneur satui^f^ 

chaleur latente d * evaporati on en kcal/kg 

V : vo 1 u ae s p y c i fi q ue ci e 1 a 

poids moiyculaire 


vapdur 
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L' indice "S" correspond aux temperatures d ' evaporation normal es, I'lndice 
"C” aux temperatures critiques* 


Un critire universe! 
volume specif ique de la vapeur s 


est propose par I'A* pour la determination 
aturee siche et de la vapeur surchaufeej 




3 . 

(v est exprime en m /kg, P en kg/m )• 




du 


Ainsi, avec des valeurs similaires 
K est constaute, independamraent de 
ia^natnre chimique des agents. 


de dP ; 77"; Kj et K , la valeur de 
la structure thermodynaniique et de 


De plus, la generalisation theorique permet de determiner les paramHres 
P-v-T des substances non etudiees i I'aide de deux seuls resultats experimentaux 
iw;mentaux couceraont la saturation, 1 savoir la temperature normal* et la 
temperature critique. 
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It Is well known that the properties of ooapounds in 
oori’eopondlng states /for equal —f' / -yf » "iT" / » 

'C <5 

OKpreosod as ratios of the orltioal paraimtersy should bo 
identical and independent of their ohooiioal nature* This law 
docs not reflect raolooular interaction In a real gas and nay 
bo correotod by introducing the additional criteria 
of whioh t e change in values oboraoterises the deviation 
from the similarity principle# lienoc they must have constant 
values and the universal function ossunes the forms 


To deternine the properties of oinnpounds with recourse 
to mininun empirical data, it is necessary to determine the 
minlnura number of criteria (dinensionlees groups ) 
that can incorporate tl« physical properties of all others 
. Hence 

X^-1 Jrt 


K ^ ^ (I-a) 

On the saturation curve it follows directly from 

function that for M= - - /y ~ should be>^=?r = -~ or 

• e z * rc 

is identical for thcrraodynanlcally similar groups of oorapounds* 


(The (lUcuntitles with the subscripts 
atm) • 


^ refer to I physical 
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v/e ahall* prove on the basis of dlncnslonless analysis 
that the criteria ^ Incorporate the physical properties 

of all others and* consequently >1) equation (I-a) jc. s2 

•f.c shall note beforehand that i^nong oompoupds there cai 
naturally be no conplcte ooinoidoneo between and 
llouever, their values being close the utilisation of noot 
Inportant additional criteria from the group leads 

jci'i 

os It will be seen further to snail errors which do not exceed 
the limits allowed la practice* 

Slnoo ‘>’ 1 ^° 






(?) 


The subscripts designate the compound solcotcd 


as reference* 


Further* ^ cmd therefore 

9 *9 



From the Clapeyron-^lausluo equation 




^ ^np 


B i. 


id. 

S 


uhcrc 


li Snsr 


-h 


^ ^ 

RVs 


h - 


Ps A 


(5) 


5?hc values of V change within very small limits 
(2.02 r 1*05) • Proceeding from the Uemot equation v/o can 
write down /t/\ 
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i 


j jL h ki 




i. 

Tal^lne Into account equations (3), (5) and (6): 


(6) 


K- 


Is ^ c= 




8«7083 


Ts 


(7) 


where 


-Zlif 


Is the Trouton numberi • the coolcoular 


wciebt* 

bJS, 


r 1 _ n* f ST j 

/ fs ^ ^ ^ 

ci^p 




Xn tbio oaee 


-4 


(0) 


K - f / -^} 


19} 


iXt'^-^s ©Quatlon (9) boooaoo 

Idontloal with equation (0)* In the erltioal point 

■ -^) ' f( ~^) =■ 

?hon taking Into aooouot ©quotions (7)f (9) and (10) J 



Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


(12) 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 

2-23 

« 

- A - 


0? 


Mow we cliall see that for the sane pressure P: 


— 


fc 

IL . ^ 

T ^ 


Eince fj, 


"f' 

r • 

f 1 


^ >r/ 4 

. ( V- 


K 


/f/ 

IT 

■), 


(13) 


(13-a) 


Cl3-.b) 


l&nee 






Then 




fife ^ _u 

Sf "h 




P a. 

' c ®c 


CcuprespondlAgl^ for dry saturated vapour 

PTcKH the Clapeyron-Claoolus OQuatlons 


-(^j 






c at^jn/ 


H 


v/hcre 




•1 


?hcn 


k! ss c ^Cffn. 

11 


if 


(14) 

(ifO 


(16) 

(17) 




( 18 ) 
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Equation (14) can bo v/rltton as: 


/e?; 


io-a. ^ 


jr 


■m 




In this case for P o 0 and 7^ a 0; 




Po ^ 




IIonoG talclne into aobount equation (17) 




/t-j 


<:jem 


u. 


paO 

'T-mO 


i Wem. 


s- c dtm 


/¥ 


Eurthex 




0,5^, 




f, 

X' 


7r 






/tv 




Finally wc o:caqlnc the dloonsionleeB (proup 

Ts 


r.. 


(14-u) 


(19) 


( 20 ) 


( 21 ) 


/6 (22)> 
where: - is the temperature oorreepondlng to the Boyle 

point* It Is quite possible to utilise the equation 
as the Boyle point ozcccds the critioal point several fold* 

Therefore 


// _ ^ 


/6 Rf^ 








(22-a) 




Since Sl and tire in corresnondlnf? states 
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Henoo all the most lopwPtant orlterlA 


iff 


Tn. 


ore 




QOtuoJiiy oonhinefi by twos ^ and Dcetgnating /f/ 

by the first lettore of 6aldber(f6 naoo>^d toklnc Into 
oonelderation that we oaa estobXlflh a ijoneral orltorlon 

oonclotin£!| of two dimcnolonloeo <niantttlos 




(23) 


aad therefove 


f( k:) 

since the sunber of dlmenelonleeo quantities should he 
no less than two end olnoe they one all intorohanseable t K 
ooy bo roplaoed, for ejwoplOt by the foUowins* 


Zt ehoulA be taen^^i'onQA that the oritorlon ^ was 
first Bugeestod In the study /!/. fhe desl( 5 natiOB 
/ftfouton/, /BledeVt ^ Aoo-der^'^aalo/ we have used 
In conformity with a suggestion by R# Plonk /2/ • 

Owing to the Ifflpoooibility of precisely determining & 
(it is* impossible to detonalne the oritioal wolumo directly 
from experiment)* its utilisation as o oriterion is 
inexpedient* *o choose and it is the most 

oonwenient as the criteria* the more so* that the 
parameters can be determined from only two experimental wolues 
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on tho vapour prooeur© ourvo • vis* § at Z atooephcre onfl at 
the orltioal point* 

*iJhe orltorla ^ ^ arc dotomlnod without tbo uoc 

of caoy arbitrary ooeomptlona or onplrlool ooofflolentc* 
nowpver^ owing to the impoeelbiUty of ooopleto ooinolflcnoo 
botwoon the OuZdberg auabers anfl botwooB the orltloaZ 
preeeureei for prootlool oaZoolatKme it is nooeeeary to uoe 
Guoh orltorla of the group /t ... that bare tbo least 

JtH ^ 


oonsltivlty* 


On the basis of tbo above saia se talee Into aooount that 
acooraing to equation (0) depending upon the degree of 

of — py the vapour pressure ourve can bo 

divided into a nuaber of olenentary ox wider linear sect Ions* 
^iooording to cnperlaental data In general It approaobeo a 
straight lino over the entire pressure range utilised* 


*2horoforOf near tbo orltioal point eopoolally 

for olooe values of and with an Inflnltool^ 




oally snail error and free equations (8) and (12)* 


rJltZ L ^ - 


X 

m 






Integrating tbs right port of equation (29) § we obtain* 





( 25 ) 
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Consequently for 






(27) 


v/Iioro 7^' oori’esponde to the or it leal pressure of tlic 
unimovm oonpound, 

If the equation (26) is applloi3bleVv= /; % then 

It must be true also at • Shen p and 

e ‘ ‘-/t, 

T 'x Tr f and tlie expression (27) fully oolnoiacs with the 
oriterla which Is proof of the oorrectneso of the 
Initially made assumptlono. This Is also oonflrncd by the 
fact that for well studied oonpoundo with close ^ and 
deviation In the values of T obtained aooordlns to 
equation (27) Iloo within the limits of experimental 
accuracy /3/* 


A oonnarlson of otxnpounds with somewhat varying A/ 
and (Froons II, 12, 13, 21, 22) tujs revealed that In the 
moot well Imown range the maximum deviation of tlic 

values from the mean curve = ^ does not exceed I’. 


Por the valuQO X ^rOfS used in refrigerating engineering 
(t!ie experimental do,ta arc not quite reliable at higher 
ra-*eGoures) aiid for v;n‘ious ioothcrr:ic up to the critical, the 
nastlmun deviation was below 23. 

Coordination of worl: directed towards the cstabllchi.icnt 
of unity of criteria on an international scale as veil as the 
specification aiid ol/iscific .tlon of the properties of Gtaiidardo 
Is of ooncldcrablc importance to theory a»id practice. 
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A Mechanic -electric Apparatus for Measuring Refrigerating 
Capacity 

J. CHYTRACEK^ et J, PETRMICHL^ 

Prague, Tchecoslovaq.uie. 


SUMIVIARY. The refrigeration industry req.uires an apparatus for 
measuring refrigerating capacity, capable of recording the amount of 
cold produced per unit of time. The apparatus makes possible economical 
operation for given electric power consumption, A mechanic -electric 
apparatus was developed which may be connected with an ammonia 
refrigerating system of 25 , 000 - 2 ^ 0,000 kcal/hr for evaporation tem- 
peratures of -5 , -35 C. and for temperatures of 0° , +25*C, before the 
regulation valve. The apparatus is made of two parts. The first one 
includes sensing elements connected to potentiometers for measuring 
the main characteristic values and for computing final results. 
Manometers, thermometers and a flowmeter regulate the respective 
potentiometers , 

The other part includes a stabilized low voltage source with 
specif ic voltage , a stabilized source of high voltage to supply the 
electronic coupling, between computer and indicator, giving the 
results of measurements. The apparatus solves the well-known e(3.uationj 
Qo = Gr.(i]_ - ± 2 ), the result of which is given by a Deprez apparatus. 

The temperature of the liquid refrigerant before the regulating 
valve is measured by means of a thermocouple and the pressure of 
saturated vapours after the evaporator is measured by means of a spring 
manometer. The respective values of pressure and temperature proportional 
to enthalpy values are transformed into electric voltage by potentio- 
meters. The values of voltage being substracted from one another, a 
voltage proportional, to the difference of enthalpy values i^ - ip is 
obtained. In the following section of the apparatus, the difference of 
enthalpies is multiplied by the weight of circulating refrigerant. 

This operation is also performed in the potentiometric transmitter, 
controlled by an orifice plate located in the suction line. In both 
last sections a correction is made for the charge of the specific 
weight of superheated vapour, flowing through the orifice. The last 
section is coupled with a Deprez indicator or with a recording apparatus. 


^Institut de Recherches des Machines Thermiques. 

2 

Institut de Recherches des Machines Prigorifiques et Alimentaires , 
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Bien que I’idee du mesurement de la puissance frigorifique soit 
aussi' ancienne que le refroidissement lui-meme, il n' exists pas meme 
h. present aucun appareil de service eprouve qui pourrait indiquer la 
quantite du froid produite par imite de. temps, comme il y en a dans le 
cas de I'energie electrique etc. les appareils mis au point jusqu'a 
present ne donnent que des valeurs approximatives ou ils ne fonctionnent 
avec securite que sous conditions specifiques que I’on ne peut maintenir 
que tres dif f icilement dans 1' exploitation pratique. Nous trouvons done 
justifie 1’ effort de dormer a I'industrie du froid un tel appareil 
qu'indiquera sur I’echelle d'un indicateur avec des moyens simples^la 
puissance frigorifique du systems de maniere ^qu' on puisse la controler 
par unite de temps et, la consommation de I'energie electrique etant 
connue, apprecier ainsi 1' economic de 1‘ exploitation. 

Les methodes principales de mesure de la puissance frigorifique, 
utilisees jusqu'a present, sont les suivantess 

La mesure de la puissance frigorifique utile dans 1' agent de 
transmission a I'eiat liquids ou gazeux p.ex. la saumure, I'eau, 1 ' air . 

On mesure ie debit de I'agent de transmission et I'ecart des temperatiires 5 

la mesure de la puissance frigorifigue gloLale directement dans 
la section de I'agent par mesurement du dSbit de i’agent circuiant dans 
ia section liquids ou dans la section vapeur du circuit.^ Le debit du 
liquids est mesure generalement avant le detendeur soit a I'aide de bac 
jauge, soit par un debitmetre. Un tel equipement demands -un regime 
permanent, e'est a dire dans 1' evaporateur il ne doit entrer que la 
quantite du liquids qui vraiment sera evaporee. Le debit de la vapeur 
est mesure par debitmetres soit dans la conduits d' aspiration, soit 
dans la conduits de refoulement du compresseur. La mesure dans la 
conduits d' aspiration est plus facile et convenable. La mauvaise homo- 
geneite de la vapeur ;^assante qui contient des traces de I'air et de 
I'huile peut etre remedies plus facilement et on la trouve aussi plus 
basse que dans la conduits de refoulement. Cependant, en raison de la 
compressibilite des vapeurs et de la possible aspiration des gouttes 
de I'agent liquids de 1' evaporateur , si la construction du dernier est 
inconvenable ou si la conduite est courts, les donnees de la mesure 
peuvent etre deformees. 

Il y a encore plusieurs methodes indirectes et des methodes calori- 
metriques se basant p.ex. sur le^chauffage de vapeur d'une certains 
valeur en determinant ainsi le debit de I'agent frigorigene, 

A la base des experiences des mesurements accomplis dans quelques 
entrepots importants et aussi en considerant la simplicite, il nous 
semblait la plus convenable methods du mesurement de la puissance 
frigorifique executes par le mesurement du debit de I'agent frigorifique 
dans la section vapeur du circuit dans la conduite d'^^aspiration 
derriere 1' evaporateur et les valeurs d'enthalpie specifique ^etaient 
derivees de la temperature de sousrefroidissement avant le detendeur 
et de la pression dans la sortie de 1' evaporateur (Big. 1 et 2) . 

L' appareil etait construit pourun systems (circuit) frigorifique 
k ammoniac avec une puissance ^frigorifique entre^25000 et 2^0000 frig/h, 
la temperature d' evaporation etant de -yC a -35'C et la temperatijjre 
avant le detendeur de 0°C a +25*C. 
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L'appareil solve la relation bien connue Qq = - io) et 

fonctionne ^ la base du principe d*\m calculateur analogique. 

Les valeurs particuliere de la relation principals sont exprimees 
par analogie mecano-electrique , dont on accomplie les calculs donnes 
par la relation. La valeur resultants Q© est indiquee sur I'echelle de 
l'appareil indicateur a 1 '.aiguille ou par l'appareil registrant. 

Le debit G ( ou difference des pressions au debitmetre , installe 
dans^la conduits d' aspiration) est indique par un debitmetre dont les 
donnees sont transformees a I'aide d'lm potent! ometre en une valeur 
electrique. les valeurs de 1' agent frigorigene sont donnees par les 
pressions ou temperatures respectives. La valeur d'enthalpie de 
1' agent frigorigene liquids avant le detendeur dans la gamme de I'appa- 
reil donnee est une fonction lineaire de la temperature liquids (J'ig. 3). 

La relation 

i^ = A + a.t3 (1) 

peut^etre exprimee ^aisement par un potenciometre lineaire et trans- 
formee en tension electrique, la relation (1) etant transcrite ainsi 
en forme suivante 

i^ = ’^ 2,(^2 ®2^ (2) 

Pour simplifier le calcul nous considerons la valeur de I'enthalpie 
h. la sortie de 1 ' evaporateur comme pour la vapeur saturee. Nous y 
commettons une certains faute, la vapeur etant en realite surchauffee 
(ou meme hujnide), mais cette faute n'est pas de nature decisive. 
L'enthalpie de la vapeur saturee in peut etre donnee soit par la 
pression, soit par la temperature dans 1' evaporateur 

il = f( p,x) = f( t,x). 

Nous choisissons la fonction in = f ( p,x) pares qu' il est plus/ facile 
de me surer la pression que la temperature de la vapeur saturee (Pig. 4). 

La continuite de cette fonction peut etre remplacee par une parabole 
exprimee par la relation 

il = C + ( - i a f ^ + b. f + c)- (Pig. 5 ) . (3) 

0 > 

Un potentiometre non-lineaire exprimant la continuite de cette relation 
nous donne une tension corfespondant ^ i^. 

II en results la relation 

i;j_ = %. (El + Ef) (4) 

Nous obtenons la tension^Ei + e£ aux resistances % + Rf arrangees en 
serie. La tension^E2 + E2 est^formee a la serie des resistances R2 + 

R2 et^R^, alimentees par la meme source comme les premieres resistances. 
Les resistances fixes Ri et R2 correspondent aux valeurs fixes de 
I'enthalpie, pour pouvoir se servir de la gamme entiere des potentiom^tres 
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I' 

r£ et R2 pour les valeurs variables de 1' enthalpie. Afin que le rapport 
entre les tensions (E]_ + E£) et (E2 + E^) corresponde au rapport entre 
les enthal;;5ies i^ et iq, on doit arranger la resistance R^ en serie 
avec les resistances (R2 + R^) (Eig. 6;. 

A I'aide des deux potentiometres re present ante's les valeurs i]_ et 
i^ nous accomplirons la soustraction 


iq " 13 = ki2 • ^12 + (^1 " ^2) (5) 

La constants k2_2 exprime la transformation des tensions en valeurs 
d’ enthalpie. 


A I'aide d'un autre potentiometre r£ on multiplie la difference 
entre les valeurs d' enthalpie par la racine carr^e de la difference 
entre les ^pressions au debitmbtre qui correspondra au debit G. La 
tension resultants (consideree pour le maximum de la valeur du poids 
specifique du fluids circulant) doit encore etre multipliee par le co- 
efficient du correction de la variation de ce poids: specifique due k 
la surchauf f age . Les vapeurs circulantes a travers du debitmetre sont 
surchauffees et il est necessaire de determiner le poids specifique k 
base de pression^et de temperature. Dans la gamme choisie de I'appareil 
et pour une temperature maximum de la vapeur surchauf fJe de +20 "C 
(Pig. 7) poids specifique peut etre exprime par une relation 
appr oxime e 



(kg/m^) 


( 6 ) 


Dans ce cas on ne ^peut pas considerer la vapeur conmie saturee parce 
que I'erreur en resultants serait grave. Une correction correspondante 
est introduite par les deux autres potentiometres r£ et R^. Ces 
resistances expriment la partie variable, les resistances''^R4 et Ri^ la 
partie fixe de la gamme du poids specifique. ^ 


Le patron du potentiometre R4. a ete ajuste pour la variation du 
coefficient de detente £ en fonction de pression avant le debitmetre 
(pour une certains gamme moyenne du debitmetre K 

La puissance frigorifique est done donnee par la relation 


^0 ~ • ^m 


^3 


n/ 




— • (E^2 + (e£ - E2)) ( 7) 


ou E = 0,01252 . . d^ . y/% est la constants dUf debitmetre donnee 

par les dimensions geometriques de 1* element de mesvire (diaphragms) 
et de la conduits. 


. Km = max^ . niax . cmax est une constants pour les valeurs 
maximum des parametre^s variables qui determinent la quantite du debit 
du fluids. 



% 

5” ’ n3 sont les rapports entre la resistance du curseur et 

5 5 
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celle du potentiom^tre entier, dont 
debitmetre 
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^ correspond ^ 1* indication du 


m-. 


n- 


\/^ p 


au manometre pour la correction du golds specifique' et du coefficient 

de detente en fonction de pression et ^ au thermometre pour la correction 

du poids s^ecifique en fonction de la temperature de la vapeur dans le 
point du debitmetre. 






n, 


nr 


^ £, '/ X ' ■ ^ 


m— 

0 


) =Af yAp_(Po + p).\/; 


■^2(7 


+ 


Les coefficients k]^2 ^3 sont les constantes qui expfiment les 

relations des differentes'^tensions et yaleurs thermodynamiques . est 
un coefficient exprimant le gain des amplificateurs ca'thodiques qui 
separent les etages particuliers de calcul. ' 

Les expressions determinantes les regimes sur les' potentiometres 
particuliers et 1' expression determinants la tension peuvent etre 
exprimees par une deflection de 1* aiguille sur I'echelle de I'appareil 


N (divisions), k2_2 • k^ . k^^ = K qui est la constants de I'appareil. 
La relation (7) peut etre puis formee 


Qo = K 


K, 




JL 

n 


(8) 


Parce que la constants est donnee par les valeurs maximum et 
I'echelle de I'appareil ast divisee en "n" divisions, il est ne 
d'introduire N/n. ■ 


necessaire 


L'appareil propre se compose de deux potentiometres pour soustraire 
et de trois potentiometres pour multiplier; ceux sont commandes par des 
manometres, thermometres et par un debitmetre. La tension de mesure pour 
les potentiometres est delivree par une source d' alimentation stabilises, 
dont la valeur precise est reglee par un rheostat et c'ontrolee par un 
voltmetre. Les etages particuliers des operations de calcul sont 
separes I'l^ de 1 ' autre par les amplificateurs cathodiques. Le resultat 
est indique par un milliamperemetre (avec I'echelle en, frig/h) ou par 
un appareil-registreur . Les tubes des amplificateurs sont alimentees 
par deux sources stabilisees de tension anodique. La tension de 
chauffa^e des tubes est aussi stabilises. (Pig. 8). Le voltmetre, 
amperemetre, le reglage de la tension de mesure et du zero sur milli- 
amperemetre, le commutateur du systems et de la tension de mesure et 
aussi les couplages pour les potentiometres et pour le; registreur se 
trouvent sur la plaque en face de I'appareil. (Pig. 9 ^t 10 ), Les 
potentiometres sont commandes directement par les pick-u;gs places au 
conduites du circuit frigorifique et connectes par lesl cables avec 
I'appareil. (Pig. 11 ). 
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L® pick-ups pour la mesure de pression sont les manombtres h 
ressort ou h. membrane. Les temperatures sont mesipeeS a I'aide^des 
thermometres bimetalliques au a pression et le debit est mesure p.ex. 
par un diaphragme et une balance pendulaire. Tous les pick-ups sont 
munis des potentiometres q.ui transforment les deflections mecanique en 
valeurs electriques. 

On a fait des essais de f onctionnement de I’appareil par verifi- 
cation de I'influence des quantites diverses ( ^ p? Pns to, p*^, t*^) ^ 
pour les differentes valeurs de la ^amme de I'appareil. On a compare 
les resultats et les valeurs calculees correspondantes aux valeurs 
ajustees. La limite superieure de I'erreur etait voisine de + Zfo, 

Les essais pratiques etaient effectues dans un entrepot frigori- 
fique en regime continu et avec un equipement d'essai dans une usine 
de construction des machines frigorifiques . La puissance frigorifique 
a ete controlee ^simultanement ^ I'aide des^methodes de mesure classique 
(manom^tre differential, pressions et temperatures). On a trouve les 
differences + l^o en regime stable et maximum ± 55^ en regime instable. 

La limite superieure de I'erreur totale pendant la determination 
de la puissance frigorifique ne depasse pas t I'erreur du a 
1' instabilite de I’appareil ± ifo, 1' instabilite de tension peut etre 
contr61ee pendant la mesure et corrigee d'apres un yoltmetre et par la 
remission a zero de I'appareil. L'erreur generale du aux imprecisions 
des patrons de potentiometres se monte h. ifo. La precision absolue de 
I'indicateur k aiguille est de 1^ et peut-etre encore plus elevee. 
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ING PRANTISEK WERGNER 

a 

CKD, Praha, Czechoslovakia^ 


SOMMAIRE^ M^thodes d'essai pour un prototype de turbo -corapresseur 
dans un circuit de remplacement^ M4thodes d'essais par simulation 
d*un prototype de turbo -compresseur a I'aide d‘un fluide de rem- 
placeraenti principe des essais par simulation; analogie du ph^no- 
m6ne physique, th^orie et regies pour le cholx des fluides frigorl- 
g^nes essaydsi effet des nombres d' analogie individuelsj exemp.le de 
mdthode d'essai par simulation; description du material frigori- 
fique et du circuit de remplacement approprl4; technique de mesure 
et appreciation des resultats^ 


TEST CIRCUITS OF REFRIGERATION TURBO -COMPRESS ORS ^ 

Testing refrigeration turbo -compressors for the purpose of es- 
tablishing their characteristic curves,. i^e^ determining the depen- 
dence of compression on the intake quanti€y*of refrigerant and the 
dependence of compression efficiency on that quantity, is a' com- 
plicated task^. As a rule there are no facilities at the manufac- 
turer's premises for installing complete refrigeration equipment 
for testing the turbo -compressor, due to the considerable cost and 
space requirements involved A simplified, so-called substitute 
cycle, is therefore used A “diagram of such a cycle for testing a 
compressor of a two-stage Installation with three -stage throttling 
of liquid is shown in Fig_^ 1 ^Cooling -water quantities in the cooler 
and refrigerant pressures 'for the, tests should be adjusted so as 
to prevent vapour condensation in the cooler The conditions in the 
tlrbo -compressor suction and additional suct.ion should be within the 
range of superheated vapour, so that they may be successfully con- 
trolled by measuring the pertaining pressures and temperatures^ 

Flg^ 2 shows test cycle in diagram i-log p^ 

TURBO -COMPRESSOR TESTS WITH SUBSTITUTE MEDIUM 

Refrigerant used in the chemical Industry are usually of the 
explosive type, such as hydrocarbon propane, C 5 H 3 ^ Ammonia NH^ is 
also used which again exerts unfavourable effects ‘on the surroundings 
and plant workers^ In no case can these refrigerants be used in 
plant tests, because it is hardly possible to provide such protec- 
tion and safety measures to safeguard the plant and the workers on 
the test bench and its surroundings against explosion, fire, poison- 
ing, etc^ Turbo-compressors using similar refrigerants are, there- 
fore tested by so-called simulation tests ^ 

In these tests substitute refrigerants or gases are used The most 
generally available gas is air Most suitable refrigerant replacing 
refrigerants of higher molecular weight, e^g^ propane, can be one 
of the freons, which is nonimf lammable, nonexplosive and harmless 
to human healthy In our works propane is substituted by refrigerant 
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F12 (CP 2 CL 2 ), being easily available^ Air 
tnonia 


jo.n be used to replace am 


The principle of Eimulation tests is based on the theory of analogy 
of physical phenomena^ these phenomena being characterised by flow 
analogy numbers such as Iledmolds number and Mach number _ It is under- 
stood that When changing tne vrcrl.:lng medium one must simultaneously 
change not only the v-iorking pai’asete.rs, such as pressures and tem- 
peratures of the working cycle » but also the machine speed When de- 
termining this change use is made of the fundamental pr’inciples of 
theoretical problem of analogy Use is also made of the fact that in 


a certain working sphere it is possible to simulate with satisfactory 


precision the physical phenomenon of circulation in a m.achine even 
when neglecting the change of Reynolds number 


Tests with substitute medium on a finished compressor prototype 
represents a special case of simulation tests in which the machine 
serves as its own simulation test m.odel Therefore, simulation rcitio, 
as concerns geometrical dimensions, equals 1 


As concei’ns change of speed one must realise that onljr change to 
lower speed comes into coasideration, for reasons of strength, the 
impellers of the turbo -compressor are always designed with m.axim.ura 
utilization of material strength at rated working speed 


When choosing the pressure in a working cycle v'ith siibstitute 
m.edium It is necessai’y to check, besides the conditions of analogy 
mentioned later, lest the compressor Input should exceed the rated 
output of the di’iving miotor, for reasons of admissible stress of 
coupling pins, gearing, etc 


THEORY OP SIMULATION TESTS 

As already mentioned, the purpose of simulation tests Is to de- 
termine turbo -compreeso’r characteristics, i e the dependence of com- 


pression on the quantity delivered, dependence of compi’ession effi- 


ciency on that quantity and depende-nce of compressor input on the 
quantity at actual working conditions, i e while vjorking vjlth the 
genuine refrigerant It is important to realize that both the com- 
pression and the machine input depend firstly on the shape of 
gas-f?,ow channels and m.achino dimensions, ecpociaiiy its impellers, 
secondly on circumferential velocity of these impellers and, thirdly, 
on compression efficiency^ As a result, the fox'cmost fundamental con- 
dition for arranging simulation tests is to create such wox’klng con- 
ditions as to obtarln the same compression efficiency of the individual 
stages when working with substitute refrigexcants, as in reality 


From the theory of a.nalogy of physical phenomena in fluid flow 
we learn that this will be the case if we a.ttain: 1 proportionality 
of velocities in all respective points of g;::.,-';. -f low channels when working 
vJith actual or substitute medium, and 2 equivalence of Reynolds num.- 
bers In all corresponding cross •■■sections of .ga;s-fiov; channels 


Another condition, that of full geom.eti'ic analogy of gas -flow' 
channels including the analogy of roughness of surfaces, has naturally 
in our case been fulfilled, because the machine serves as its ow/n 
simulation model 
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Adherence to the first condition, i^e^ proportionality of velo- 
cities, requires that the relative change *of specific volume at the 
end and the beginning of compression be the same. 


Vk _ 

Vo ~ VqX 



where Vk a Vq stands for specific volume when working with actual 
medium and Vjc^ and Vq^ when working with the substitute^ 

Let us mention the method for determining necessary relation- 
ships under assumption of constant values of adiabate exponent k 
within the working range of the actual and substitute media Al- 
though specific heats Cp and Cv in the sphere of superheated vapours 
of all refrigerants are variable, their relation 



is to a certain extent approximately constant or it can be substi- 
tuted by a certain mean value which can be considered as constant^ 


Under these assumptions the following equation will apply for 
the compression of the genuine medium: ■ ^ 

= SE£i. = RTq (>■ ^ - 1)=B . , 21 . 


H 


•;P0l 


( 2 ) 


Nomenclature - equation 2: 

R gas constant 

To initial temperature on compressor suction branch 
m polytropic exponent 
t relative compressor compression 
.;.21 input coefficient of 1st stage 
*^21 circumferential velocity of 1st stage impeller 
g acceleration due to gravity 
B constant 

Value 21 is input coefficient depending on Impeller shape, number 
and angle of blades and on value 

Cr2 

U2 

i e on the relation of the radial component of speed to circum- 
ferential velocity, which can be determined by the Bussemann or Sto- 
dola methods 


For the compressor working with substitute medium, analogous 
equation 3 will apply: ^2 

St- <!' (J) 
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According to the foregoing values >pol and A 2 I remain un- 
changed For polytropic exponent the vjell-known relation is valid- 


m I k m^ 


kX 


m 


^ kTT icJrrr 


In equations 2 and 2 one can substitute: 


a§ = k g RTq 


ao = 


(^) 


(5) 


where a© and a§ are sonic velocities pertaining to the condition in. 
compressor suction with actual— and:-subs1ritut-e media ^ Dividing equa- 
tions^ and -3 and substituting gelations 4 and 5 . we'obtainr 

U2 

c ^ ^ 1 0 

f. _ k - 1 _ J 




l“nF 


- 1 


T?rrT 




a- 




In order to adhere to the first principal condition, i^e^ equal, 
relative change of specific volumes with genuine and substitute' 
media it is necessary to replace in relation 6 by 






(7) 


from the equation of polytropic curve, thus finally obtaining 

2 


, m-1 


4 . ra 
C m 


- 1 




- 1 


k - 1 

•k^-"T 




( 8 ) 


If we succeeded in finding a substitute medium with which 
adiabate exponent k^ would remain equal to k, then m^ = m and, 
according to equation 7, compression would also remain equal, 
i e ='t 


From equotation 8 


2 

U2 

_ 


the following would result? 



(9) 


The same compression will therefore be attained (at k^ = k), if 
the relation of circumferential velocity of the first wheel to the 
sonic velocity pertaining to the condition in suction, is the same^ 
The value of sonic velocity depends exclusively on the condition 
and physical properties of the medium^ For its magnitude with most 
common refrigerants and gases (see Tafile 1)^ 
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Table 1 , 




NH^ 

air 

CO2. 

C^8 

F 12 

F 11 

m 

2,ol6 

17,05 

(28,95) 

44, ol 

44,1 

120,92 

137,4 

R 

420,6 

49,79 

29,27 

19,25 

19,25 

7,03 

6,17 

k 

1,4 o 7 

1,30 

l,4o 

1,30 

1,13 

1,14 

1,13 

0 

0 

0 

2o 

-15 

2o 

2o 

-15 

-15 

-15 

a© m/sec 

1505 

4o5 

541 

268 

CM 

CM 

142,5 

133 

As may be 

seen from 

the above 

data. 

refrigerant F 12 

will be 

a 


suitable substitute for propane, because under maintenance of the same 
relation 



U2 of substitute medium will be lower, i.e^ the test speed will be 
lower, which will be satisfactory from tlie ’viewpoint of stress^ 

From the pertaining relations one can gather that in case k = k^, 
there will be at each point of compressor gas-flow channels a constant 
relation of not only specific volumes and pressures, but also of abso- 
lute temperatures ^ 

From the relation for sonic velocity 

o 2 

a^ = k g R T a^ = k^ g RX 


then results that also the gelation of sonic velocities will be 


constant, since relation 




rX^X 


a 

will then also be constant 


From this result it follows that while 

X 


ii2_. = 
ao aj 


maintaining relation 
(9) 


Mach number at any point of gas -flow channels will remain unchanged 
when working with substitute medium^ The Mach number being determined 
by the relation of flow velocity at’a given point to sonic velocity 
pertaining to the conditions at that point, perfectly equivalent con- 
ditions are given for possible formation of shock waves, since local 
speed acceleration owing to various curves in anulold channels, are 
ruled by the same relation^ This fact is important, especially be- 
cause the machine efficiency is very sensitive to eventual formation 
of shock waves ^ According to experience with divergent character of 
gas-flow channels, shock waves in turbo -compressors are followed by 
turbulence which deteriorates compression efficiency^ 

Let us point out at this stage that the conditions described 
above will be very closely approximated if working medium propane is 
replaced by refrigerant F12 as substitute medium, since for propane 
k =1,15 and for refrigerant F 12- kX = i,i4 Similarly, when replacing 
ammonia NH^ by carbon dioxide CO2, in both cases k = kX =1,5 
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The effect of Reynolds number still remains to be pursued This 
analogy number according to the known definition used for radial com- 
pressors 

R_ = (lo) 

® yg » 

may be influenced by the choice of pressure level in test circuit with 
substitute medium, because this will directly influence specific 
weight T The choice of pressure level in the test Circuit is ruled 
by two viewpoints First of all it is the possibility of medium con- 
densation behind cooler GC according to Fig 3. Delivery pressure be- 
hind th© compressor must not be so high as €o cause condensation in 
cooler GC at the given degree of cooling, which would have disturbing 
effects on the test^ 

Choice of pressure level is also limited by compressor input, that 
is, by admissible load of electric motor At the same time one must 
keep in mind that admissible load of driving electric motor at lower 
speeds used at simulation tests, is lower than would correspond to 
rated speedy 

As concerns the effect of Reynolds number on the efficiency we 
must say that both according to our tests and according to literature, 
efficiency does not depend on Re for values higher than 7»5*lo ^ De- 
pendence on Re exists for lower values only^ It is a similar pheno- 
menon as with the rest of blade machines, turbines and axial compres- 
sors This greatly facilitates the task of determining simulation para- 
meters, in particular the choise of suction and delivery pressures^ 

EXAMPLE OF SIMULATION TESTS 

The mentioned methodics of measuring turbo -compressors by substi- 
tute medium has been applied for determining characteristics of a 
propane compressor by means of refrigerant P 12^ Sectional drawing of 
the compressor is given in Fig 3 As may be seen, the compressor con- 
sists of three wheel groups and, therefore, the characteristlcks of 
the individual groups had to be determined separately^ 

The diagram of measuring may be seen in fig^ 1^ The compressor 
works in closed circuit, the discharge gas passing through the cir- 
cuit cooler Here the gas is cooled approximately to suction tempera- 
ture Before entering the turbo -compressor the valves throttle the 
refrigerant to the required pressure of suctions 1, 2 and 3^ The pres- 
sures and temperatures in the course of cooling were chosen and con- 
trolled so as to prevent gas condensation^ For determining the cha- 
racteristics it is important to measure temperatures at the points of 
return channels A and B, before the point of additional suction^ These 
temperatures are needed for determining ef flcisiiciss in parts 1 and 2^ 
Since in this part of the machine Mach flow number is higher than o,5> 
a special design of thermocouples must be used here^ Prior to the 
measurements these thermocouples are gauged in a channel attached to 
the compressor discharge and connected with its suction^ 

At points where flow velocity and the corresponding Mach number 
are smaller than o.4, the measurements are taken by standard mercury 
thermometers or thermocouples^ 
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The refrigerant quantity was measured by a diaphragm in the com- 
pressor suction piping and checked on the discharge Calculation and 
design have been carried out according to VDI Standards The input 
was measured on the motor side^ Net input on turbo -compressor coup- 
ling was computed by subtracting mechanical losses of motor bearings 
and gear box^ 

Table 2 

Calculated parameters used for simulation tests with refrigerant F 12, 
in comparison with acCual working parameters when using propane 



C3H8 

CF2CI2 

Intake quantity, stage I 

19 500 kg/h 

17 

2oo kg/h 

Pressure in suction branch, stage I 

1,55 at 


1 at 

Temperature -”- 

-26°C 


+35°C 

Intake quantity, stage II 

23 loo kg/h 

2o 

300 kg/h 

Pressure in suction piping stage II 
Temperature in suction branch, stage 

2,54 at 


1,58 at 

II 

: -I5°c 


+35°C 

Intake quantity, stage III 

8 500 kg/h 

7 

500 kg/h 

Pressure in suction branch, stage III 5>8 at 
Temperature in suction branch, stage 


3,5 at 

III 

+ 7,5°C 


37°C 

Pressure in delivery branch 
Temperature in delivery branch 

13,1 at 


7,7 at 
125°C 

Speed, r^p^m^ 

6 000 

5 

900 

Required input 

1917 kW 


700 kW 

Reynolds number of 1st wheel 

42,6 • lo° 

17, 

5 • 10® 

Reynolds number of 8th wheel 

150,0 • lo° 

74, 

5 • lo 


In this table values are given corresponding to the nominal point 
However, the measurements were taken for the whole progress of cha- 
racteristics^ The machine speeds were 572o rpm and 39oo rpm Fig 4 
shows propane characteristics of all three compressor parts *in a*sum- 
mary diagram, ascertained by freon tests Points marked by circle were 
converted from measurements at 372o rpm and points marked by cross 
from measurements at 39°° rpm Overall characteristic of the compres- 
sor, under the assumption that both refrigeration stages are propor- 
tionately increasing or decreasing the output, is shown in Pig 5 

# 

The simulation test method used in Czechoslovakia for determining 
working characteristics of refrigeration turbo -compressors as described 
in this report offers facilities for taking these measurements in 
factories even when explosive or otherwise dangerous refrigerants 
are involved By observing laws of analogy of physical phenomena it 
is thus made “possible to determine properties of the compressor in 
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actual service For conversion, values are used of certain proper- 
ties of refrigerants in the sphere of superheated vapour, known in 
the form of diagrams or can be derived from vapour -stage equation 
Accuracy of the cable will, therefore, depend on reliability of tAese 
data A practical test for the purpose of determining machine charac- 
teristics by means of simulation measurements with substitute refri- 
gerant and subsequently with the working refrigerant at the user's 
premises to enable drawing of comparisons, has not yet been materialized^ 
It is provided for in our plant research programme to carry out these 
comparisons as soon as an opportunity is offered for using the equip- 
ment of a chemical works for taking these measurements^ 
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The V ortex Refr igje ra tin g Unit 
Groupe f rl.i3;ori f ique a effet vo rtex 
A.,,P. MERKULOV 

The Kuj.bishev Aviation Institute j, Kuibishev,, 'Ja3«S„Ro 


SOMMAIREo La possibilite d’obtenir* un effet frigorifique 
considerable, pour une grande pamme de dc^tenReS ainsi que la 
simplicite et la seeurite exceptionnelles de la construction du 
refroidisseur a effet vortex incltent la recherche le moyen 
d’utiiiser en pratique cet effet dans les groupes frigorif iques c 

Les principaux moyens permettant d 'a.ugmenter le rendetnent du re- 
froidisseur a vortex sont : Utilisation d'un collecteur de pression 
dynaraique de I'ecouleraent de froid pear augmeriter le degre de 
detente dans le refroidisseur a vor-texs recuperation du froid, 
autrement perdu* utilisation de I'energie d ’un' ecoulemerit de 
chaleur pour augmenter le degre de detente dans le refroidisseur 
a vortexj et diminution de la longeur de la zone du vortex pour 
augmenter le rendement du refroidisseur a vortex et abaisser la 
perte de charge totals dans I'ecouleraent de chaleuru 

Cette utilisation de I'energie perraet une augmentation de 1 'effet 
frigorifique de Jo a loo fo et augmente notablement le rendement du 
cycle.. Tous ces facteurs sont employes dans le groupe frigorifique 
a vortex concu par I'Ai, Les principales parties du groupe sont: 
le refroidisseur a vortex avec zone de. vortex reduite, un diffuseur 
a detorsion, vme chambre froide, un echangeur de chaleur et un 
ejecteur dirige.. 

Les recherches sur le refroidisseur a vortex et une analyse des 
travaux precedents ont perrais d'obtenir des renseignements generaux 
sur la base desquels on peut calcul-ir un refroidisseur a vortex 
pour differentes applications,, Une methode a ete raise au point pour 
le calcul d'un groups f rigoi'if iqus a vortex^ Pendant I'essai de la 
chambre du refroidisseur son effet frigorifique constituait o,64 
de 1 'effet isentropique, e'est-a-dire etait superieur de pres de 
5o % h 1 'effet frigorifiaue obtenu pour un I’efrcidissexir a vortex 
seul de metnes dimensions Cd 'apres HILSCil pour 17;, 6 ram de diam'bti'.e), 

En raison de sa simplicite, do sa seeurite et de .sa mobilite, la 
chambre frigorifique a vertex convient specialement aux besoins de 
froid occaslonnels dans 1 'Industrie et en laboratoire.i 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


The vortex effect for the energy separation of gases has the 
following outstanding merits: exceptional simplicity and 
reliability of operation of a vortex refrigerating unit} absence 
of moving parts, longevity of the unit and low operating costSj 
and increase in temperature efficiency with Increase in degree of 
expansion. All these give reason to consider the possibility of 
utilizing the vortex effect practically for obtaining moderately 
low temperatures, despite its shortcomings from an energy stand- 
point. 

FLOW DIAGRAM AND DESIGN OF THE VORTEX REFRIGERATING UNIT. 

An important property of the vortex plant is its low energy 
characteristics. The maximum coefficient of performance has been 
found to be 0.235* In order to raise the efficiency of the unit 
one must strive to take maximum advantage of the energy outflow 
from its streams. 

The principal ways for doing this are: 

Straightening out of the cold stream - utilization of its Impact 
pressure to raise its degree of expansion in the vortex cooler. 

Regenerating low temperature heat in the heat exchanger. 

Shortening the length of the vortex zone with the objective of 
increasing the effectiveness of the vortex cooler and lowering 
the over-all pressure losses in the hot stream. 

Utilizing the energy of the hot stream for Increasing the degree 
of expansion in the vortex cooler. 

By such means the cooling effect of the unit may be raised by 
7o-loo^ and the efficiency of the cycle markedly Improved. 

All these measures have been carried out in the refrigerating 
units developed by the Kulbishev Aviation Institute. The schematic 
diagram of such units is shown in Fig. 1 and the design of one of 
them (refrigerated chamber KhK-3) in Fig. 2, 

Compressed air is supplied through nipple 1 (Fig. 2) to the filter 
and silicagel dessicant 2 whence via the heat exchanger tubes 3 
it enters the cavity 4 and through the nozzle entrance 5 to the 
vortex tube 6. After separation in the vortex tube the cold stream 
passing through the orifice in the diaphragm 7 and through the 
straightening out diffusor to enter the refrigerated chamber 8, 
cooling its load. 

Through the opening 9, the ring cavity lo and the second section of 
the heat exchange, the spent cold stream is drawn off by ejector 11 
operating by means of the hot stream of the vortex tube. 
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The temperature of the cold stream is regulated by changing the 
cold component with the aid of the adjusting needle 12 of the 
ejector set with the aid of the l.evor 13- 

During operation of the unit, particularly under conditions of 
maximum cooling effect, vacuum is set up with the aid of the ejector 
in the flow circuit of the cold stream (to the refrigerated chamber* 
ring cavity and second section of the heat exchanger), the cover 
14 of the refrigerated chamber being carefully hermetized by means 
of the rubber gasket 15 ^ind the clamp screvj l6o 

The refrigerated chamber is insulated from the outer mantle with 
the aid of two centered rings of foam plastic and mineral vjool l8o 
The hermetic cover of the refrigerated chamber carries a layer of 
foam plastic insulation 19 9-nd the heat exchanger a layer of 
asbestos 2oc 

On the instrument panel of the refrigerated chamber there are 
mounted a manometer for recording the pressure of the incoming 
compressed air and a galvanometer vrith a temperature scale of from 
2o to -7o°C, giving the temperature of the cold stream entering 
the chamber. 

The temperature pickup of the refrigerated chamber is a chrom.el- 
copel thermopile, the working junctions of which are located beneath 
the chamber bottom and the com.pensating junctions behind the 
instrument panel. 

There is a hatch at the lower end of the unit for changing the 
silica gel. 


TECHNICAL CHARACTERISTICS OP T'lJE RKFRIGERATED CH/VMBERo 

Depending upon the required cooling temperature the refrigerated 
chamber may function over a wide range of pressures and temperatures 
of the feed air. The refrigerated chamber is designed to operate 
over a range of pressvires from 1 to 8 atm. 

On Fig. 3 curves are presented depicting the dependence of the 
temperature in the refrigerated chamber and of the velocity of the 
compressed air on the pressure of the latter at 15°Co The broken 
line represents the dependence of the cold stream temperature obtained 
by R, Hilsch for a voi’tex. tube 17o6 mm diameter(the diameter of the 
vortex tube used in the present unit was 17 mm).. A comparison of the 
curves showed that, the temperature effect of the cooling obtained 
with the unit was almost 5o^ greater than for a '.fortex tube alone. 
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The main technical characteristics of the refrigerated chamber are 
as follows: 

Parameters of the air supply : 

Maximum pressure 8 atg 

Temperature 

Minimum chamber temperature -7o C 
Maximum air velocity 2. >2 Nra-^/mino 


CALCULATION PROCEDURES FOR THE UNIT» 

Owing to the ’absence“6f analytical expressions for calculating the 
vortex effect that satisfactorily agree with experiment, the calcu- 
lation may be made with the aid of empirical correlations. The basis 
for such a calculation serv’e the following relations obtained from 
experimental studies of vortex coolers: 

Each value for thr weight fraction of the cold stream (equal to 
the ratio between the weight velocities of the cold Gc and the 
overall G streams) possesses a cor'responding optimal diameter Dg of 
the diaphragm orifice, with respect to optimal cooling effect. For 
the given diameter D of the vortex tube, Dg may bqtjalculated within 
the limits o.:2 < y-c <o,8 according to the formula 

Dg = D(o,35o + 0,315 ) (1) 

The optimal cross section of the nozzle orifice with respect to 
the cooling effect and refrigerating capacity may be presented by 
the relation ^ 

P^ = o,o754 * D (2) 


The temperature efficiency/|_ (equal to the ratio of the cooling effect 
of the cold stream tc to the cooling effect xp^ts bn isoentropic 
expansion from the parameters at the entrance to the pressure of the 
cold stream) is practically independent of the level of the pressures 
at the inlet and outlet of the vortex tube and also of the temperature 
of the entering gas. It d^ends m.ainly on the weight fractiony^ and 
the degree of expansion vTiT , i,e, on the ratio of the total pressure 
of the entering gas to the statical pressure of the cold stream at 
the diaphragm. 


fy = f /t Tr ) ( 5 ) 

c- J V / ' .J r/T , 

The degree of incompleteness of expansion of the hot flowyC (ratio 

of the total pressure of the hot to the statical pressure of the 
cold streams) for optimal T'alues of the diaphragm orifice does not 
depend upon J% and for a tube with a vortex zone 9 times as long 
as its dlam^er (constricted by a cross piece) may be determined from 
the expression 


JC 


C'r*' ^ CT2 

i;59-o,27<;*^i + o,c62 


(^) 
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It should be noted that the expressions have been obtained on 
studies of vortex tubes with D = 2o to 5o mm over the range 4-^//$ b. 

The sections calculated we designate as shown in Fig. 1. The cal- 
culations will be made for the case of steady state conditions the 
following assumptions being made; Hydraulic losses in the communi- 
cations of the unit (excepting the heat exchanger) are compensated 
by the total pressure recovery effect of the straightening -out 
diffusor. Hence these losses and the diffusor effect are eliminated 
from the calculation. The isobarlc heat capacity is assumed to be 
constant . 

For sufficiently good regeneration the ratio of the absolute 
temperatures of throttling of the cold stream beyond the heat 
exchanger and of the hot stream 

B = ^ « X (5) 

Owing to the low velocities in these sections the calculations 
are carried out for the overall parameters. 

The basic equations for rating the unit are : 

The equation for the vortex tube 

Tc = Ti • B/ok/ (6) 

Here B= [l-f^ (1" )k-l )j " ^ ^ ^ 

K is the isoentropy exponent. 

The equation for the heat balance of the heat exchanger 

To - Ti = M (T3 - Tg) (8) 

J 

The heating of the stream in the refrigerated chamber by 
external heat exchange 

tk = T2 - T, = ^.G .Cp ^ (9) 

Here (kcal/hr) is the hourly quantity of exterior heat 

inflowing through the chamber insulation. 

Losses due to incomplete Regeneration 

‘t = -'^ 3 r°=7 oo) 

The energy equation of the vortex tube is 



Tc + (1 



•Th 


ill) 
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The approximate equation for ejector impulses is 

’4 


P), = ■ + Pe 


( 12 ) 


CC+ 1 


where 




Ph. Pc 


= geometric parameter of the 
ejector 

= cross section of the orifice 
of the ejector nozzle 


The equation for the velocity in the ejector is 


n = Js 


•q ( c) 

•qTXrhf 


(15) 


Ph-q(Xh) 

q(^) = the gasodynamic functions. 

Combining equations (6), (8), (9) and (lo) we obtain the equation 


for in the form 
c 


T 


_c = + N 

To 1 - 1 


here N = 

To 


(1^) 


ytB 


Prom equations (6), (11) and (14) we have 


Th 


Tf 


= 1 + ^ 


N 


(15) 


Expression (14) contains a function B the value of which for the 
selected value of yU. depends upon the conditions of operation of the, 
ejector (the vacdum it establishes, i.e, the degree of expansion -/i- 
in the vortex tube) . 


We shall determine the value for Pq from the equations for the 
ejector. 


Assuming ^ (Aa 
from equation (15) 


) = 1 


(tapering nozzle) and 


m eq 


^ Ph 


P5 


l(^-C ) 


^ • oc 


or 


oL = 


( “^c ) 


Pq«P^ we obtain 


( 16 ) 


Bearing in mind that the stream from the nozzle is ejected into the 
atmosphere, we assume P4 = 1 and find from equations (12) and (l6)j 

q (^c 


X - 


1 


(17) 


n p q ^ Ac) + 1) Pc - 1] 

By solving together equations (17) and (4) the value for Pq may be 
determined for a given value of Pq, assumed in the first approximation 
equal to P]^, and for chosen values ofyt4 and ^ , 
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It is feasible to choose^/W,= 0.6 (which corresjponds to tnaxlraum 
cooling capacity of the vortex unit) and Ac = 0.7 (^(A^c) =o»89^)« 

Most often ttie basis for the calculation may be the selection of a 
heat exchanger for given values of To, Tc, Po chosen values 
of JU and A 0 • rating the heat exchanger one must know the 
value of the overall compressed air input G. This may be determined 
from the conditions for the permissible heating of the cold stream 
in the refrigerated chambers tjc, by external heat exchange in the 
steady state. 


The hourly heat inflow Qj^ is calculated for the chosen geometry 
of the refrigerated chamber, type arid thickness of the insulation 
and minimum required temperature in the chamber and then one 
obtains from expression (9) 


G = 






fck 


[\^e/hrj 


(18) 


The amount of heat transmitted by the heat exchanger 

Qt= G»Cp (To-Ti)» G ‘Cp To (1“^ ' )f kcal/hg^ (I9) 

The maximum temperature head in the heat exchanger 

A tT=Ti-T2=Tc (| f^oj (2o) 


From the known values for G, Qy, A tq; and A t^ the heat 
exchanger is calculated as well as the hydraulic losses in the 
compressed air circuit 4 - Pi 

and in the circuit of the cold stream 


^ Pc = Pc -P5 

With the aid of these values a more precise evaluation is made of 
the degree of expansion 


JL = 


Po - 


A Pi 

"5^ 


*c Pj + 

and the calculation is repeated. 


The cross section of the vortex tube nozzle is determined from the 
overall input according to the formula 


Pd 


G * VTh 
5^ *0,4 'djj .Pi 



( 22 ) 


Here 

d(j is the nozzle discharge coefficient of the vortex cooler. 
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The diameter of the vortex tube is calculated by means of 
equation (2) and of the diaphragm orifice by means of (l)» 


The cross section of the ejector nozzle is determined in a 
manner similar to that for the vortex tube no&zle 


Ph “ G (1- ) * \/ ^h 

36 * 0,4 • • Ph 


( 25 ) 


Here 

is the discharge coefficient of the ejector nozzle. 

The other dimensions of the ejector are calculated from the 
value for ^ determined from expression (I 6 ). 
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Experimentation d'un grand tube Rang ue. dans la Republigue 

Populaire Roumaine. 


Testing of a Large Ranque Tube in Rumania. 

,P. lOMID 

Institut Energetique de I'Academie de la Republique Populaire 

Roumaine, Bucarest, Roumanie. 

SUMMARY. Scientific and experimental investigations on the Ranque 
tube have extended over recent years. Thanks to its special 
features (rapid starting, production of very low temperatures, 
simplicity of construction, possibility of using the pressure of 
natural gases before their combustion or chemical change etc.) 
this device may be used for many purposes in the field of re- 
frigeration. In the Power Institute of Rumania;, a Ranque tube of 
industrial size, operating with methane gas with high flow rate 
and under high pressure was studied. The report describes the 
arrangement and presents the theoretical principles of operation 
of the Ranque tube, as well as the experimental results of the 
performance of the device (capacity of thermal separation, mini- 
mum temperature, output) for different working, conditions and 
with different types of construction. The Ranque tube used is larger 
than mentioned up to now in literature (diameter : 170 mm) and 
produces temperatirres of - 80 C. The gas velocity and temperature 
fields in the tube have been determined from which some con- 
clusions on operational process have been drawn (uselessness of 
supersonic expansion) as well as the elaboration of recommen- 
dations useful for the construction of similar devices. 


Le refroidisseur toubillonnaire , denomme en litterature "tube 
Ranque" represente un appareil qui realise la separation conti- 
nuelle d'un jet gazeux, ayant une certaine surpression initials 
en deux jets, I'un chaud et 1 'autre froid. 

L 'utilisation de cet ^appareil dans I'industrie de la Republique 
Populaire Roumaine, a necessite des recherches theoriques et ex- 
perimentales a 1' Institut de 1 'Energetique de I'Academie Roumaine. 
Ces recherches ont ete effectuees dans une station experimentale 
situee pres d'une zone riche en gaz methane, ce qui assure un de- 
bit relativement grand de gaz, ayant ime gamme.de pression jusqu' 
a 100 at . 

L' appareil experimental (Pig. l) represents . un refroidisseur 
tourbillonnaire a contre-courant ayant les particularites sui- 
vantes: 

- Le diametre de la chambre de tourbillonnement : D - 17 cm. 

- L'ajoutage de 1 'admission tangentielle execute dans les 

variantes: ajoutage convergent f . = 25 mm; un ajoutage 

convergent . = 15 mm ; un ajoutage^ convergent-divergent 


ajer 


= 16 M ; f aj = 25 mm. 
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- La chambre de tourbillonnement presente aux deux extremites 
des diaphragmes aux diametres differents qui bornent a droite 
et a gauche les tUbes d'ecoulement du gaz chaud et froid. Cette 
installation permet la variation de la pression initials, la 
variation des contre-pressions dans le tube chaud, respectivement 
froid, des mesunes des temperatures des pressions d 'admission et 

d ' evacuation, de m§me que du champ des pressions dans la chambre 
de tourbillonnement et dans le tube chaud (en vue de la determi- 
nation du champ de vitesse), le calcul du debit a I'admission dans 
I'appareil et a 1' evacuation des deux tubes. 

Parmi les buts poursuivis dans nos experiences citons: 

- La clarification du mecanisme d'obtention de I'effet frigorif ique. 

- La determination des conditions necessaires pour obtenir la plus 
grande efficacite frigorif ique , en etudiant la pression initials, 
la Vitesse d' admission, le diametre de I'ajoutage de I'admission 
et la contre-pression dans- les tubes (chaud et froid). 

Le refroidisseur tourbillonnaire est constitue d'un tube central 
ou est pratique Un orifice tangent iel par lequel entre le gaz sous 
pression. L' entree tangentielle du gaz dans la chambre de tourbillon- 
nement provoque un mouvement de rotationi Le champ de vitesse etabli 
dans la section initiale est modifie dans I'interieUr de la chaimbre 
a cause des forces de friction des couches concentriques du gaz. 

La modification du champ des vitesses prbduit le transfert de 
1 ' energie cinetique parmi les couches concentriques du gaz. 

Si I'on separe les de-ux domaines avant 1 ' embrouillement meca- 
nique ou avant la transmission de la chaleur (ce qu'on ne peut pas 
eviter integralement ) > on peut obtenir deux jets de gaz: chaud et 
froid. La separation peut dtre realisee directement, par 1 ' intro- 
duction d'un tube central qui preleve le gaz froid, ou bien par 
voie pne-umatique , en creant dans le tube chaud une contre-pression , 
plus forte que dans le tube froid. Ainsi le gaz de la zone centrale 
de moindre pression est dirige vers le tube froid, independamment 
de sa position. Cette operation constitue le mode de separation 
dans le refroidisseur tourbillonnaire en contre-courant . 

Pour analyser le mode de production de I'effet frigorif ique , il 
faut determiner le champ des vitesses dans le regime initial et 
final en considerant le mouvement stationnaire pour le fluids 
visqueux et en appliquant 1' equation du moment de la quantite du 
mouvement . 

Les forces exterieures qui actionnent sur un element annulaire 
sont representees par les valeurs de friction. 

La tension tangentielle a 1' expression suivante: 



ou : = tension tangentielle 

yU = le coefficient de la viscosite cinematique 
CO = la vitesse annulaire de la rotation 
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{/r = La Vitesse radiale 
14 = la Vitesse tangentielle 
parce que 

Le moment des forces de la friction appliquee a un cylindre 
au rayon "r" a 1' expression : 

~ 2^'TJ'jUL r ^ ; pour un elemeiit "dr" nous aurons 


d 0 


nous aurons 


dhf = 2'}yr 


Le moment de la quant ite de mouvement du fluide qui penetre 
radialement dans le cylindre de rayon "r" et d'une longueur unitaire 
est exprimee par ; ou: m = le debit de la masse 

Pour un element "dr" nous aurons : d t7c~'~tri(r'^idco^ 2f"Ccdr) (2) 


En equivalent les expressions (1) et (2) et en integrant 1 'equa- 
tion diff erentielle ainsi obtenue, nous trouverons la solution : 

___ m 

Pour obtenir la derniere vitesse dans le centre du refroidisseur 
tourbillonnaire ' C-^-Q 5 done 1 > _ (3) 

^ VG=^C/r 

En analysant la solution (3) on peut observer que dans le regime 
initial, quand le debit radial "m" est grand (le gaz sorti de I'ajou- 
tage tangential tend a occuper toute la section) la vitesse tangen- 
tielle est fortement poussee vers le centre du tube. 

En regime final, quand le debit radial tend vers zero, la vitesse 
tangentielle a tendance a se partager en rapport avec la loi du mou- 
vement des corps solides, done elle est grandissante vers la Peri- 
pherie . 

Cette analyse schematique explique I'effet frigorifique du re- 
froidisseur tourbillonnaire. 

La determination du champ des pressions dynamiques dans le re- 
froidisseur tourbillonnaire experimente indique que 1 ' explic^uation 
presentee ci-dessus est confirmee qualitativement par les resultats 
experimentaux (voir Pig. 2 et 3). 

A proximite du centre, les determinations indiquent un courant 
inverse, qui persiste mSme dans le tube chaud. Le phenomene de trans- 
mission centrifuge de I'energie cinetique et le phenomene de la se- 
paration thermique ont lieu par consequent aussi dans ce tube. 

Schematiquement , le champ des vitesses axiales et par consequent 
la circulation du fluide se realise de la maniere suivante (voir 
Pig. 4). 

Pour mettre en evidence les performances obtenues avec le re- 
froidisseur tourbillonnaire experimental, on indique dans la Pig. 5 
les caracteristiques de f onctionnement dans les conditions suivantes: 

- I'aj outage = 14,05 mm ; 

- le diametre du diaphragme du tube "froid" : = 40 mm ; 

- le diametre du diaphragme du tube "chaud" : = 110 mm. 
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Les caracteristiques indiquent la variation de la temperature du 
gaz froid et chaud en fonction du rapport "n" entre le debit du gaz 
froid et le debit total pour les differentes pressions d' admission. 

On peut constater qu'on a obtenu des teinperatures groches de - 
70°C, la temperature du gaz a 1' admission etant de 16°C. 

En experimentant differentes variantes, on a conclu: 

- L ' augmentation de la pression initials jusqu'a une certaine li- 
mits contribue a 1 ' augmentation de I'effet frigorifique. A cette 
limits, on remarque une reduction de la capacite de separation 
(fait mis en evidence par 1 ' intersection des courbes caracteristi- 
ques de la Pig. 5) • Ce phenomena a lieu lorsque dans le diaphragms 
du tube chaud ou froid on atteint approximativement la vitesse du 
son et la detente du gaz dans la chambre de tourbillonnement est 
limitee. 


Plus le diaphragms du tube froid a un diametre reduit, autant la 
temperature du gaz est moindre, mais le debit du gaz froid diminue . 

- La contre-pression dans le tube chaud constitue le par^etre qui 
assure le fonctionnement et le reglage du refroidisseitir a contre- 
courant . L ' augmentation de la contre-pression conduit a 1 'augmen- 
tation du debit du gaz froid. 

- L ' agrandissement de la vitesse d' admission lors de la vitesse du 
son diminue I'efficacite frigorifique. 

Ce resultat experimental confirms encore une fois le mecanisme de 
separation decrit. Quand la vitesse d' admission est de beaucoup super- 
sonique, on ne peut plus obtenir un gradient de vitesse convenable 
dans la section initials (la vitesse est -uniforme, proche de la 
vitesse maximum et occupe seiilement la zone peripherique de la chambre 
de tourbillonnement), done un transfert radial 'puissant de I'energie 
cinetique -ne peut pas se produire. 

- L'efficacite frigorifique augments en mSme temps que le rapport 
entre le diametre de la chambre de tourbillonnement et le diametre de 
I'ajoutage tangentiel. (Dans les variantes expqrimentees , le rapport 
maximum a atteint D/D . = 11,3) • Ce phenomene s'explique par la 
reduction de I'effet ^^de la couche limits, par; 1 ' agrandissement du 
rapport et d' autre part par la reduction des vitesses axiales, done 
par la reduction des pertes hydrauliques . 


Pour les variantes de construction du refroidisseur tourbillonnaire 
experiments on a etabli les relations suivantes entre les divers dia- 
metres, pour realiser le maximum de I'efficacite frigorifique (e'est- 
a-dire le maximum de frigories) . 


Dr 

Daj 
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out D = le diametre de la ch^bre de tourbillonnement 
D = le diametre du diaphragme du tube froid ' 

- 'j 

D .=le diametre de I'^joutage de 1' admission 

D =le diametre du diaphragms du tube chaud ; 
c 

=la pression initials 

=la pression moyehne a la sortie du gaz froid 
n = le coefficient du debit 
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Carbon. Dioi cide as a M eans 
Chilled Fish Products 

Lz x->3:'olongation de‘ la duree de conservation des poissons 
refrigerees par I’emploi du gaa carbbnique 

AoPa MAIIASHEV * 

Krasnodar Eiranch of the Central Scientific Research 
Institute of the Canning and Vegetable Drying Industry, 

• Krasnodar 5 USSR .. 

. ■ .1 
SCM'^AIRE^ Le dissous dans les tissus inusculaires du 

poisson, entraine un certain nombi'e de changementso Les plus 
importants sent: la modification de 1* equilibre osmotique^ 

1* accroissement de la concentration en ions hydrog^ne, I'accroia- 
sement de I’act.ivite des enzymes proteolytiques,' la transformation 
de iVhemogltsfebine en methSmoglobinec Le CO , dissous dans la denree 
lui confbre un gout acide qui disparait quand on abre la denree* 

Le CO^ diminiie ef f ectivement I’activite des microorganiemos 
responsab.les de la putrefaction* Son axtion preserve trice est 
renforcee quand 11 .est combine avec utilisation du froid ou un 
traitement du produit.:. 

t'* manifeste davantage sur le poisson 

refrigerOi^ v^uand la temperatui*e est abaissee en 'idessous de 15 ^ 

16. la croissanoe des microerganismes qui peuvent se developper 
cn atmosphere^ carbenique est ralc-ntieo En milie^^ carbonique^ 1* al- 
teration due a 1 * oy.ydation du poisson gras est retardee© Mais les 
avantages du 00^ ne se manlfestenh qu'a. certaines conditions; 
non seulement s&n action presex'vatrice.- mais aussi son effet sur 
le produit lui-meme, cornme par exemple son action sur l^activite 
enzymat.'LQueo doxvent etre prist^rs en meme temps e'n consideration . 3 
L^ Auteur a defa.ni les condit.ions d^utilisa.tion du pour 
la conservation des produits k base de poissoiio ie polsson^frais qui 
possede un complexe cathepsine ' de faible activite (la sandre, 
la brkme, etcco©) so garde 1,^5 k 1,^8 fois plus longtemps dans 
un. m5J.leu contenaiit de 20 a 70 % de CO^ que dans l^airc A 5-8^ C, 
cu poisson fume se conserve 5 Q. 6 fois "plus longtemps dans un 
milieu contenant 70 k 90 % de CO que dans I’air* A 5-8^ C, du 
poisson sail (10^12 % do sel) se^conserve 5^7 fois plus long- 
temps en presence de CO^ qu^ en I’absence de 00 © La maturation 
du poisson sale est coniiderablement acceleree^d'ans xm milieu 
contenant du. 00^© ■ 

G.a> a montre'^experimentalement que le stockage et le transport 
du poisson .fume et refrigere petivent etre effectues non seulement 
dans^des recipients etanches^ mais aussi dans des recipients non 
hermetiques a condition que la perte de CO soifr compensee par 
une iente sublimation de glace oarbohiquec'^En USSR, on a projete 
d' employer ,1a conservation en atmospher e carboni'que dans les ■ 
entrepots de distribution et pendant le transport et I'on 
envisage d’utiliser le CO ^ I'echelle industrielle pour la 
conservation et le transport du po.isson fumec 
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Results are presented of experiments carried out in the 
Bon-Kuban Branch of the Scientific Research Institute of Marine 
Fisheries and Oceanography of the UoSoS*»Ro aimed at developing 
procedures and techniques for using carbon dioxide to extend the 
storage life of fish products© 

Experimental determination has been made of the solubility 
of gaseous carbon dioxide in fish tissue depending upon the com- 
position of the latter (fat, protein, free water and salt contents) 
and upon the temperature and partial pressure of the gas# For 
fish of average fattiness tho solubility coefficient cA. ml# 

C lo4 - lo5 ml COy g at C© 

Dissolvit;€ in the tissues carbon dioxide causes a number 
of changes in them, some of which are irreversible* 

In a carbon dioxide medium the flesh of fresh fish becomes 
more supple and elastic and the surface of fish cuts turns some- 
what moist owing to the liberation of tissue juice* This bears 
evidence of an impa;:';.;inent in the osmotic equilibrium of the 
muscular tissuef. Analogous action of carbon di£xide has been 
observed by VoSo Zagoryansky in plant tissue ^ 

The acidity of the muscle increases about two-fold and the 
pH falls on the average from 7 to 6© 2© The buffering capacity 
of the muscle as determined by pot entiome trie titration with 
alkali of aqueous extracts increases by 2 to 2^5 times* The 
increase in the buffering capacity of the muscle hinders shift 
of the pH to the alkaline, a necessary condition for activity 
of putrefying microerganismso This together with the fall in pH 
and other changes in the tissue we believe is one of the most 
important factors hindering the gi'owth of such microorganisms* 

In a medium insufficient buffering capacity, as a result of 
microbial activity, the pH quite 'Rapidly goes over to the alkaline* 
Shifting the pH in the acid direction carbon dioxide 
increases the activity of muscular proteinases and hence 
accelerates the autolysis of fresh fish and the ripening of 
little and medium salted products The amino acid 

content in the muscular tissue of bream, herring and anchovy 
kept at 0^ C« in a carbon dioxide medium increases considerably 
faster than when stored in air© 

Some of the carbon dioxide is bound by the proteins to 
form a compound* 

The preservative action of carbon dioxide both on the 
surface and in the bulk of the product is manifested already at 
low concentrations of the gas and increases with increase in 
f/vneentrationo 

The effect is strong at a COp content of 70 % and is maximum 
for a 100 % gaso The action increases with increase in the COp 
pressure* However ^ in a medium with a high COp content at room 
temperature putrefying micrococci characterized by A.Y* Aldakimova 
as close to the species Micrococcus candidus, responsible for 
rapid souring, often develop on fish* 

When the temperature is lowered to below 15 - l6^ C* growth 
of these micrococci is depressed and souring of the fish in the 
carbon dioxide medium does not take place* 

The preservative action of carbon dioxide also noticeably 
increases in the presence of salt in the fish (within the limits 
of 6 - 14 % NaCl)* Salted fish is kept from bacterial spoilage 
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in a carbon dioxide medium abcait 2 « 3 times longer than the 
fresh producto 

Chilling negatively affects the development of pathogenic 
bacteria, in particular, botulinuso It has been established by 
special experiments that carbon dioxide in concentrations of 90 % 
does not stimulate botulinus growth on smoked fish at temperature 
of 20, 25 and 30° C. 

Carbon dioxide depresses the growth of microorganisms more 
effectively on cooling ensuring relatively greater storage periods 
for the products than at room temperature. The results of deter- 
mining the effect of carbon dioxide on the growth of microflora 
on smoked fish"^ for different temperature are presented in Table 1. 

Table 1© The effect of carbon dioxide on the growth of 
microflora on smoked fish for different temperatures^ 


Storage 

temperature 

CO^ concen- 
tration 0 % 


Dux'ation of storage (days) 

0 

4»5(5)i/ 

8-10(33) . 

15 (50) 

60 


Log number 

• of cells 

s_ , 


25-25 

0 

3^0 


10 0 6 

9o8 



70 - 8o 

3.2 

6.4 

9.4 

8„9 



80 - 90 

3.2 

5.8 

8.5 

8.1 



100 

3.2 

5ol 

7.1 

8.1 

• 


0 

1„0 

6<, 8 

9.3^' 

10^0 


13-16 

8o ^ 90 

1«0 

3c2 

6o2 

7.5 



1.00 

1.0 

3o6 

6e0 

6o5 

r.. 


0 

1« 3-0*^'' 3 


4o9r6«0 



5»7 

90 - 100 

1.3-0 1 


l«5^2,0 

1.8.~2c5 

1.7-: 


In parenthesis are shown storage lives for the temperatures 

5-7° C> 

The first figure is for surface contamination (subcutaneous). 
The second figure is for the muscular contamination (at the backbone) a 

^ i' 

^ Control fish completely covered with moldo 

Carbon dioxide is not only a preservative and an activator 
of cathepsinj but also effective^ly retards oxidation of fat, a 
fact observed by many authors / 5s 6, 7^.7 highly important 
property is already manifested at low carbon dioxide contents in 
air (20 - 30 %) and is intensified with increase: in concentration z. 

Dissolving in the blood of fresh fish carbon dioxide converts 
the hemoglobin to metherncglobin, resulting in a brownish colour of 
the gillSfi Tha.s^ however, is net a sign of deterioration of the 
fish as in the case of ordinary storage. 

It has been found during storage of fresh 
species possessing a highly active cathepsin complex (anchovy) 
quality deterioration sets in within 3 4 days owing to autolytic 


fish that with 


Hot-smoked fish should be understood when the term *^smoked fish” 
is mentionedo 
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softening of the tissues<> Carbon dioxi.de^ actirating proteolysis^ 
accelerates the softening of tissues and therefore has no bene- 
ficial effect on the storage of such flsb^ 

With fish possessing less active protelnases (pike-perch'^ 
sprat ^ bream) lovss Ixa quality takes place after 6c-ri days as 
result of bacterial action^ Although carbon dioxide in concentrations 
of 2 . 0 '^ *70 % promotes px'OteolysiB,j 2 -t effectively retards putrefactive 
processes., 2-^rolonging the storage life of these fish in comparison 
)\dth gas'^^-'froe storage by lo3 ^ IcS times. j At carbon dioxide 
concentr«ations above 70 %. proteol 5 ^sis markedly increases and the 
muscles soften more rapidly than at lower concentrations^ In 100 % 
CO^., owing to the accelerated autolytio softening of the muscles, 
th& storage life of these fish increases only insignificantly as 
compared with that fca”^ storage v/ithout gas^ 

It thus follows that carbon dioxide may be employed in 
concentrations not -exceeding 70 % for the storage of only such 
fish that possess cathepsin complexes of low activityc 

Laboratory and field e^cperiments on the storage of smoked 
fish were carried out on a large variety of species (anchovy^ 
herring^ mackerel^ saurel bream^ etCo)c; 

Carbon dioxide does not change the appearance of smoked 
f5.Gh but lends it an acid flavour, vjhich disappears, however, 
on holding the product for some time in air (degassation) o 
Because of the increase it causes in the buffering 
capacity of muscle^ carbon dioxide hais a strong stabilising 
action on the pH value of smoked (and fresh) fish (Fig. 1) and 
retards to a certain extent its dehydration, helping to maintain 
the high quality of the product (the tenderness and succulence 
of the tissues)® 

The change in proteins of smoked fish, in particular the 
increase in non«protein and volatile base nitrogen contents, 
proceeds much slower in a carbon dio:clde medium than under 
ordinary ^onditions^ especially at diminished temperatureso 
In smoked fish cathepsin is practically inactivated 
during the^heat treatment (the fish is heatek to a temperature 
of 80 - 85 ) so that this product may be stored in media with 
a high carbon dioxide content ( a bove 70 /Os possessing maximum 
preservative action and effectively protecting the product 
from oxj[.dation<i 

The storage life^of smoked fish in a medium containing 
70 99 at 15 increases 2-3 fold in ccmparison 

with storage in air^ However^ the development of micrococci 
causing acid spoilage of the product is excluded only at 
temperatures below 15 I 6 Cc Optimum storage conditions are 
provided at 2 - 8 Co, the storage life increasing 5-6 foldo 
With lower carbon dioxide concentrations C40 - 60 %) at a 
temperature of 0 ~ 5 “ Co the storage life is increased threefold. 

The strongest preservative action of carbon dioxide with 
respect to salted fish falls on 90 - 100 % concentrations of the 
gas wi.th an 8 =■ 12 ■% salt content and at reduced temperatures 
(Figo 2)o 

The ripening of salted fish is accelerated in a carbon 
dioxide medium^^ a fact which is confirmed both organoleptically 
and by the rate of increase In soluble nitrogen, by changes in 
the pH and by the bound water content of the flesh £^ 2 ^ 3j7<, 
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Alongside the strong preservative action of the carbon 
dioxide at 5 - 8 C., overripening does not set ^ in for quite a 
time so that the storage life of salted fish saturated with carbon 
dioxide increases 4 7 fold in comparison with ordinary 

conditions* ; 

In the field tests of the carbon dioxide method the storage 
and transport of smoked fish was carried out both in hermetic and 
non-^hermetic containers using gaseous and solid (dry ice) carbon 
dioxide* 

On the gaseous. conditions within the hermetic container 
considerable influence is exerted by the sorption of the carbon 
dioxide by the product* To ensure optimal conditions for the gas 
on sufficiently dense packing of the product in the container , 
the product should preliminarily be flushed with carbon dioxide, 
which is accomplished by simply exposing 'the formei* to a medium 
containing 90 * 100 % CO for a time sufficient to attain a value 
of 70 ^ 80 % complete saturationo ' 

In a non-hermetic (but sufficiently tight) container the 
loss of carbon dioxide is conveniently replenished by slow 
sublimation of dry ice placed in a thermally insulated packing. 

The rate of sublimation depends upon the insulation and may be 
calculated# In this case saturation of the product by carbon 
dioxide is e.ccomplished in the container after the packing 
operation. In a non-rhermetic thermally insulated container, not 
only the required gaseous medium is ensured, but the temperature 
is by 15 17 C# lower than the ambient (in suitoer)* the 

consumption of dry ice amounting to about 0,^02 6.05 kg/kg 

product davd.y<s 

We are of the opinion that transportation . of chilled 
smoked saurel in a carbon dioxide medium will preserve its 
commercial qualities (consistency, succulence and tenderness 
of the tissues, retardation of fat rancidity) and make for lower 
operating costs than transportation in the frozen state. 

Bacteriological investigations of smoked fish after its 
transportation and storage carried out by the Institute of 
Nutrition of the Academy of Medical Sciences of the U.S.S.R* 
have confirmed the powerful preservative action of carbon 
dioxide with respect to this product under chill conditions. 

*T&3 tf PubMvij Hoalth of tha approved 

the carbon dioxide method for the commercial storage of smoked 
fishe 
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Fig. 1. Changes in the pH of muscular tissue: Chilled sprat (Clupeonella delicatula deli- 

catula) { ]. Cooked roach (Rutilus rutilus heckeli) [ ]. Smooked bream 

(Abramis brama) Storage temperature of the cooked and smdoked fish 

15-25° C. • ’ 



co/^erit,% 

~3fiOL(og8 
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Jht/s 

Fig. 2. The effect of carbon dioxide on the growth of bacteria in sprat {Clupeonella deli- 
catula delicatula) and anchovy (Engraulis mordax) of varying salt content. Storage tem- 
perature 18-20° C. 
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Evaporation of Moisture from Products During Freezing In an Air 
Blast 

Be shy drat at ion des produits pendant la congelation en 

courant d'air force 

A. B. KHACHATUROV 

The Scientific Research Institute of the Refrigerating 

Industry of the U.S.S.R., Moscov/, U.S.S.R. 

SOMIAIRE. L'A, a proclde au VRIKhl a des recherches expe- 
rimentales sur le mecanisme de 1' evaporation d'humidite du 
poisson au cours de la congelation. 

On a determine la forme de 1' equation entre les groupes 
sans dimension, exprimant la relation entre 1' intensive d'echange 
de chaleur et le champ de temperature dans la section transver- 
sals du poisson la ;^lus epaisse et a partir de la on a obtenu 
1' equation reduite a la forme sans dimension pour la temperature 
moyenne a la surface du poisson. II a aussi ete etabli une 
correlation sous forme de groupe sans dimension entre I'inten- 
site de 1 ' evaporation et les proprietes thermo dynamiques du 
mllange air-vapour. En transformant cette equation de groupes 
sans dimension en equation a forme dimens ionnelle, en obtient 
vine expression a I'aide de laquelle la perte de poids du poisson 
au cours de la congelation est determines a partir des donnees 
initiates sur la congelation pour chaque cas individual. 

On a trouve que 1' augmentation de la vitesse de I'air et 
de sa tem;^erature reduisait les pertes de poids du poisson. 

Ainsi en elevant la vitesse de I'air de 1 a 10 m/s, la perte de 
poids du poisson au cours de la congelation est divisee par 3,2 
fois. 


The process of freezing foods in an air blast is accompanied 
by evaporation of moisture from the product. The weight losses 
in unpacked products frozen in air are from 1 to 2^, 

The determination of the freezing time in the calculation 
of quick-freezers is accomplished by means of known formula, while 
the weight losses during the freezing process are defined very 
roughly , 

The evaporation of moisture from the surface of fish being 
frozen has not yet been sufficiently investigated. Prof. G. B, . ' 
Tchigeov suggests an approxiraate solution, with the assumption of 
proportionality between the amount of heat removed by evaporation 
and the amount of evaporated moisture irrespective of whether 
there is evaporation of liquid or sublimation of ice (l). 

This paper presents a solution of the problem obtained from 
experimental investigation of the process of evaporation from fish 
during freezing. 
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An experimental imit was designed and installed by the author 
for this purpose at the Scientific Research Institute of the 
Refrigerating Industry of the U.S.S.R. Continuous determina- 
tion of the weight of fish in the course of its freezing in air 
was performed by scales.. Measurements were tadcen during the 
investigations of the temperature at various points in the fish 
(in the centre and under the skin) , also of the temperature of 
the air and its rate of flow as well as of the dimension, sur- 
face area and volume of the fish. The investigations were 
carried out on whole fish of the sheat-fish and pike— perch spe- 
cies, The amount of moisture evaporated from the _ fish during 
the freezing process A g is a function of many variables 

Ag:: ) 

where 'X - freezing time, hrs, 

W - velocity of air, m/sec, 

- temperature of air, 

tg - temperature on surface of fish, °C, 

2 

F - area of fish surface, m . 

The experimental data have been, therefore, treated and ^ 
generalized in similarity criteria and their relations are given 
in a-' dimensionless group form. The form of the equation cor- 
relating the dimensionless groups, expressing the ^influence of 
the heat exchange intensity upon the temperature field in the 
thickest cross section of the fish, has been determined. Re- 
lations have been derived from this . equation determining the 
final temperature at the surface of the fish and the mean final 
temperature in its thickest section. 

The relation has been determined between the mean intensity 
of moisture evaporation from the surface 03? the fish and the 
thermodynamic evapora-tion criterion including the mean surface 
temperature of the fish and the air tempei*ature. 

■■ The temperature at the fish surface has a decisive influence 
on the eva.poration of moisture from the srirface, but no formula 
for the determination of this temperature is available. 

Several curves plotted according to experimental data smd 
characterizing the change in the surface temperature and weight 
■ loss in the fish during fi'eezing at vai'ious velocities of the 
air, are given in Rig. 1. 

It follows from the curves in Rig, 1 that with a raise of 
V the velocity of the air, the v/eight losses in the fish are re- 
duced, the air temperature remaining constant at --29 -50°C. 

Rig. 2 illustrates the influence of the surface temperature 
on the intensity of the moisture evaporation from the fish, The 
cu3rves show that the intensity of moisture evaporation is maximum 
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at the beginning of the process. With a drop of the tempera- 
ture at the fish surface, i.e, with a decrease in the temperature 
difference between the surface of the fish and the air, the in- 
tensity of moisture evaporation from the surface reduces until 
at -200 c or lower at the fish surface it becomes negligibly 
small due to the fact that at -20° C at the surface of the fish 
and -30° C air temperature the difference of the saturated water 
vapour pressure becomes insignificant. 

Based on data obtained during the experiments, a curve was 

■tfs - “ta 

plotted of the dependence of the parametric criterion t 7 — 

■tfm ~ "^a 

upon the Biot number, expressing the influence of the intensity 
of heat exchange upon the temperature field in the thickest sec- 
tion of the fish at the end of freezing. 


The experimental points lie on a straight line corresponding 
to the following equation 


%s ~ ^ _1_ 

■tfm - ^a 1 + 0,62 Bi 


( 1 ) 


where; t^^ - final temperature at the fish surface (°C) in its 
thickest section; 

^f: 

Bi 

lOvm - mean film coefficient of heat transfer from the 
fish to the air, kcal/m2hr°C; 

0 - thickness of the fish, m; 

Xjjj - mean thermal conductivity of the fish, kcal/m °C hr. 


- mean final temperature of the fish in its thickest 
section °C; 

, CXm S 

- Biot number Bi = 


2 A 


m 


It has been determined by the author in his previous work 
(2) that 


^fm = + 


■•^fc “ ■^a 


0.86 + 0.31^-^|^> 'S 


X 




w 6 


0,23 


Af,. 


kcal/m2hr°C 


( 2 ) 


(3) 


where additionally; 


t^^ - final temperature of the fish in the centre of the 
thickest section; °C. 

- thermal conductivity of the air, kcal/m hr °C; 
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i 


1 

1 


1 


- coefficient of kinematic viscosity of the air, m^/sec: 


W- velocity of the air, m/sec. 


We derive from equation (l) an expression for the deter- 
mination of the final temperature at the surface of the thickest 
section of the fish , . 

^fm “ 


t 


fs 


tg^ ———————— 

1 + 0,62 Bi 


(4) 


A comparison of the temperature values, calcvQ.ated according 
to Idle formula (2) and (4), with the experimental data indicates 
that the deviations are within lO^^. 


■ Prof. A. Gulchman was the first to point out the specific 
role of the thermodynamic criterion of the evaporation in the 
theory of dehydration and suggested introducing it into the cri- 
terional equation as an argument (3). 

T . - T 

The criterion of evaporation - — — denotes the influence 

^a 

of mass exchange upon heat exchange where; 


Tms “ mean temperature on surface of fish thick section 


equal to 


% + Tfs 


; Tj_ - initial temperature at fish surface T^ = 273.16 + tj_ 

: Tfg - final temperature at fish surface Tfg= 273.16 + tj^g 

. The dependence of the mean intensity of moisture evaporation 
(h) from the fish during freezing upon the criterion of evapora- 
tion has been determined on the basis of experimental data. 


! Pig. 3 illustrates this dependence showing that all the ex- 
perimental points obtained at air velocities of from 1.6 to 10.4 
m/sec are located on one curve, its equation being; 

4 


b = O 


T - T 
ms a 

T. 


kg/m^hi 


(5) 


0 is here the constant of evaporation; experimental data 
(Pig. 3) show that it is equal to 14. 10^ kg/m^hr. 


■ Thus, equation 5 indicates, on the basis of considerable 
experimental data, the influence of all the factors intensifying 
the heat exchange upon the moisture evaporation from the fish. 

By inserting the value of evaporation mean intensity 

b = Jls. 

; < p 

where; - freezing time necessary for lowering the temperature 
at the surface down to Tf g (hrs) ; 
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into equation (5), the following equation is obtained for deter- 
mining the weight loss in the fish; 


^g = 14. 10^ P < 


T - T 
ms a 


or 


4^g = 14.10 


4 


-< 


-a 


T - T 
ms a 


Tr 


1 kg 

1 

(6) 

-1, 

(7) 


■ When including the value g =V'’0 ( V is the volume, - 

the Specific weight of the fish) the equation (7) acquires the 
following form; 

■ T_... - T. 


^g = 14.10" 




ms 


T 


a 


( 8 ) 


The value 


vr 


is determined according to the curves of the 


specific weight variation and the ratio of surface area to the 
volirme of the fish (2). 

, Besides T^g, determined in accordance \’fith the formula (4), 

the values of , determined from the following dependence 
suggested by the author (2) are required for determining the 
weight loss by the formula (6); 


'•[ = 0,041 


5^ p 

1 

“t 

a - 

CCm i 

L 

^4 ij^ - 



(9) 

hr 


where; \ - latent heat of ice melting, kcal/kg; 

ij^- initial heat capacity of the fish, kcal/kg? 

i„ - heat capacity of the fish at the end of the freezing 
^ process corresponding to the mean final temperature of 
the fish, kcal/kg; 

In the case when t^g is lower than -20*^C calculations are to 

be made with the assumption of t^g = -20° as with the subsequent 

drop of the surface temperature of the fish the moisture evapora- 
tion practically stops. 

■ The freezing time is determined in this case in accordance 
with the formiila (9) with the value t^^jj derived from the formula 

(4) inserted in formula (9); 


^fm = -^a + 


1 + 0,51 


A 


m 


- ■‘a 


( 10 ) 


(t^g is assumed to' be -20° C) 
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All the equations are true only within the investigated^ 
range of air temperatures from -10° to -45° C and at velocities 
of tlie air from 1 to 12 m/sec. 

The degree of precision of the formula has been determined 
to be within approxiriiately 125 ^ by checking the derived formula 
for the determination of the weight losses in the fish according 
to the data of industrial tests on quick-freezers (carried out 
by the Technological Laboratory For Refrigerating Pish and Pish 
Products at the Scientific Research Institute of the Refrigera- 
ting Industry of the U.S.S.R.)* This degree of precision is 
sufficient for technical calculations. 
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F/g. 1. Curves on change in the surface temperature and weight loss of fish. 

tfs °iC. - final temperature at fish surface; As “ weight loss of fish; w velocity of air. 



Fig. 2. Influence of temperature at fish surface on in- 
tensity of moisture evaporation from the surface, 
tfg °C. - final temperature of fish surface; b - evaporation 
intensity; w - velocity of air. 


Fig. 5. Dependence of intensity of moisture 
evaporation from fish (b) upon criterion of 

. Tms - Ta 
evaporation 7^ 
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Bacterial Index of the State of Freshness of Cooled Products 


Les numerations bacteriennes , directes et indirectes, 
comme indice possible de l^lteratioh des proteines 
des produits alimentaires refrigeres ' 

G.L. NOSKOVA and G.J. PECK 

The Scientific Research Institute of the Refrigerating 
Industry of the U.S.S.R. , Moscow, U.S.S.R. 


SOMMAIRE. Aucune methode de numeration objective, en vue de 
determiner 1* alteration initiale des prOteines alimentaires ^n' a 
ete largement appliciuee. L' alteration des dehrees refrigeres 
provient de microorganismes psychrophiles et, d'apres de 
nombreux cherCheurs et d'apres nos experiences, elle se manifests 
lorsque le nombre des bacteried produisant 1 '^alteratidn atteint 
une certains valeur, a savoir 107 a 108 ^bacteries par gramme. 

On peut done s'attendre a ce que la numeration dss badteriCs 
donne un indice valable de la naissance de 1 ' alteration. 

Dans cette communication, on passe en revue les methodes directes 
et indirectes de numerations bacteriennes, et I'on en tire les 
conclusions suivantes; 

a) Les numerations directes de bacteries, a partir d'un 
nombre de colonies dans un milieu nutritif, sont un 
precede trop lent si le developpement des bacteries 
psychrophiles est predominant, alorS' que, dans les 
autres cas , ces numerations ne sont pas assez 
specif iques. 

b) Le comptage indirect des bacteries, en fonction de la 
mesure d'un parametre variant avec le nombre de 
microorganismes, est une methode plus riche d'avenir 
pour la determination de la naissance de 1 ' alteration. 

L'emploi de comptage indirect de bacteries peut eliminer un des 
inconvenients majeurs des methodes existant pour determiner 
1' alteration microbienne, notamment la variation de la composition 
des denrees alimentaires. 
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Although considerable success has been achieved in recent 
years in studies of biochemical changes taking place in foodstuffs 
during storage, there is still no reliable, objective method for 
determining food quality. This also refers to chill storage when 
the activity of the tissue enzymes is considerably reduced and 
quality deterioration is caused predominantly by psychrophilic 
bacteria . 

Undoubtedly the biochemical activity of a bacterial culture 
is a function of the number of individual cells, although the 
relationship should be expected to be quite involved, since with 
growth in the bacterial number, the culture becomes older, and 
with age, as is well known, changes take place in the activities 
of the bacterial enzjnnes. The enzymatic activity, moreover, 
changes, depending upon the changes in the medium caused by 
bacterial action. 

However, experiments very often reveal a definite 
relationship between the number of bacteria and the content of 
this or that substance (or group of substances) serving as index 
of quality change. 

Such a correlation may be seen for example^ on the curves 
obtained by Shewan (l) for changes in dogfish and in the number 
of bacteria during storage on ice (Pig. l) and obtained by us (2) 
for the changes at 0° C. in cooked meat substrate inoculated with 
Achromobacter and Pseudomonas (Pig. 2). 

A comparison of the changes in the substrate with the 

bacterial n\imbers shows that the lower, flat part of the S-shaped 

curves representing the chemical changes continues until a given 

7 R S 

amount of bacteria, 10 ' - 10 cells/g in our experiments and 10 

cell4/g in the experiments of Shewan has accumulated, following 

which an abrupt, nearly linear rise takes place in the chemical 
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ciirves, whereas the curves for hacterial growth begin to round 
off, gradually assuming a horizontal position (maximum stationary 
growth phase). The beginning of the sharp rise in the chemical 
index usually coincides with the beginning of noticeable spoilage. 

A relationship between the bacterial number and incipient 
spoilage has been established by many investigators on a variety 
of protein foods (3, 4, 5? 6, 7). 

On Figi 3 are represented curves we obtained with pure cultures 
Of bacteria in cooked meat juice and cooked ground meat and of a 
mixed bacterial flora in raw ground meat obtained from retail 
stores. The sign x on the growth curves designates the 
beginning of spoilage of the product. 

When the initial bacterial count was relatively low 

/ 4 3 \ 

(19 X 10 and 34 x 10 per gram medium curves 2 and 3) spoilage 

of the medium at 0° 0. took place just as soon as the number of 

8 V 

bacteria rose to 10 - 10 per gram. 

At the same time a number of cases was observed, when the 

7 

initial bacterial content in the product exceeded 10 per gram 
and yet no spoilage was apparent while the bacteria were in the 
lag phase of growth (curves 1,4 and 5). Change in the substrate 
was observed only when the bacteria began to multiply. The advent 
of spoilage is, therefore, determined not only by the number of 
bacteria but also by their condition. 

This v;as confirmed to a certain extent by experiments we 

carried out on meat juice strongly inoculated with various strains 

7 7 

of Pseudomonas and Achromobacter (from 74 x 10 , to 462 x 10 per 
gram). When kept under vaseline oil at 6° C. i.,e. \mder conditions 
retarding bacterial growth the juice remained for long without 
noticeable change. In the presence of air the bacteria multiplied 
actively and the juice quickly spoiled (8). 
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Thus from all the above said it may be seen that of all the 
characteristics the most sensitive under conditions of cooled 
storage of protein foods is the number of actively growing 
psychrophilic bacteria. 

Since after the initial lag phase the growth rate of bacteria 
on food products is more or less constant for a given temperature, 

from the number of bacteria one may estimate the length of further 

! 

storage life of the products at the given temperature. 

In order to avail oneself of this possibility in practice, 
one must possess a quick method for the ev^aluation of psychrophilic 
bacteria in the product . 

The methods of determining the number of bacteria known at 
present may be divided into direct: counting of cells under the 
microscope or plating methods, and indirect: from physical 
characteristics or from reactions of bacteria with some substance, 
serving as indicator. 

Direct microscopic counts are inaccurate, particularly when 

7 

the bacterial content is below 10 per gram, when determination 
of the state of freshness of the product and of its stability in 
storage is of the greatest interest. Direct microscopic count is 
unsuitable also because not only living but dead cells and not 
only psychrophilic but also mesophilic bacteria are included in 
the co\mt. 

Determination of bacteria by counting the colonies is more 
accurate, but lengthy. If accelerated, undoubtedly this method 
would be of interest. 

We believe that for the exact determination of the content 
in the products of bacteria responsible for spoilage they should 
be transferred to a medium of standard composition, containing a 
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substance easily attacked by the bacteria on the one hand and easy 
to determine on the other; The concentration of this substance 
should be maximal but not great enough to cause undesirable effects 
on the bacterial activity. 

The content of bacteria per unit volume of indicator medium 
should also be maximum, since only then do they. cause quick reaction. 
Concentration of bacteria in the product itself in the case of 
liquids and of washes of the product in the case of solids prior 
to introducing the bacteria into the indicator medium may be 
carried out by centrifugation or filtration. 

As indicator of the number of psychrophilic bacteria in the 
medium one may utilize one of the nitrogen extractives, which, as 
is known are easily attacked by bacteria (9). 

However, in this case quantitative determination of the 
indicator would entail certain inconveniences. A more simple way 
would be to utilize such indicators as would change colour under 
the action of bacteria. 

Indicators, chiefly of the redox type such as methylene blue 
and resazurin are extensively used in practice, in particular for 
determining the state of freshness of milk and some other dairy 
products. However, attempts to utilize these indicators for fish 
were unsuccessful owing to the "poising" action of tri methyl amine 
oxide . 

In recent years one may meet more and more often with 
investigations devoted to the use of tetrazoli-um salts as indicators 
of the content of active, growing bacteria. 

Mallmann et al used tetrazolium salts for determining the 
storage life of poultry (5), Mustakallio for milk (10), 

Laxminarayan and lya (ll) showed their use for a number of purposes. 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 

- 6 - 4-18 

Shewan and Liston reported promising results on the use of 
2-p-iodophenyl-3-f)-nitrophenyl-5-phenyl tetrazolium chloride for 
the case of fish (12). Herej according to the authors, in the 
reduction of the tetrazolium salt to coloured f'ormazahs only 
actively growing bacteria took part, i.e, just such as would cause 
fish spoilage under conditions of storage on ice. The authors 
indicated that significant amounts of formazan are formed only 
when the bacterial count 10^ cm^. 

Moorjani et al (13) also pointed out that the indicator is 
the most successful for large numbers of bacteria. 

Using triphenyltetrazolium chloride we observed a correlation 
between the bacterial growth in meat juice inoculated with 
Pseudomonas -sp. no. 99 and the time for a tetrazolium-containing 
medium of the type used by Mallmann to give a red colour after the 
addition of a aliquot of the juice. The relation, very much like 
that obtained by Mallmann, points out to the existence of an 
inverse linear function between the time required for the appearance 
of the colour and the logarithm of the bacterial number. In addition 
we determined the number of bacteria in the indicator medixAm at the 
time of the colour change. As can be seen from the figure, this 
also falls within the zone of incipient spoilage, being in all cases 
near 10 cells/ml. That the external manifestation of bacterial 
activity should here also take place at about the same bacterial 
content as in foodstuffs is of considerable interest. 

The time t necessary for bacteria of initial number B/g to 
8 

reach a value of 10 /g in the logarithmic growth phase is given 
by the expression: ^ _ — glogB + glog 10^ . where g is the generation 

time. ^ 

It follows from this that the above observed inverse linear 
relation is just what is to be expected. 
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Tetrazolivim salts may be used for accelerating the plating 
method. The formazans produced as a result of bacterial action 
colour the living cells, allowing the colonies to be counted imder 
the microscope 4-6 hours after inoculation (ll). 

Thus from the above data and the discussion, it follows that 
whatever its shortcomings the most universal, reliable and objective 
method of determining the freshness of cooled food products is the 
count of active psychrophilic bacteria. For the present the 
determination may be made by plating methods or by the more rapid 
indirect procedures, i.e. by changes in standard media-indicator 
systems inoculated with concentrated bacterial suspensions obtained 
by centrifugation of liquid foods or of washes of solid products. 
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L* Influence du parafflnage et de la orerefrlg^ration rapide 
dea oeufs conserves par refrigeration . 


The Effect of Waxing and Quick Cooling on the 
Storage of Eggs. 

CIOBANU A., CRISTEA S., Racovita A. 

Institut de Recherches Alimentaires , 

Bucarest, Republique Populaire, Roumanie. 


SUMMARY. The effect of waxing on eggs has been studied, 
taking account of their freshness and their storage conditions, 
as well as the effect of quick cooling on unwaxed eggs. After 
3 months' storage the best results were obtained for waxed eggs 
stored at subcooling temperatures ranging between -1 . 5° and 
-2.5°C. After 4 months' storage there was observed bn the inner 
surface of the shell of certain waxed eggs the occurrence of 
mucilaginous granules due to the following moulds: Pusarium, 
Penicillivun, Sporotrichum and Sclerotium. After 6 months' and 
especially after 8 months' storage, the occurrence of similar 
granules was observed on most waxed eggs. The quality of these'- 
eggs (flavour', odour, colour) was however normal: in most cases. ' 
It was, moreover, observed that waxing resulted in a marked 
decrease in the resistance of the vitelline membrane , after ■ 
longer storage. After long storage, the best results were 
obtained with quickcooled unwaxed eggs. This observation does 
not confirm the opinion of some authors recommending the gradual 
cooling of eggs. ' 


' Les recentes recherches ayant rapport a la conseryation^ 
des oeiifs par refrigeration ont ete dirigees dans deux directions 
principales, a savoir: 1 ' abaissement de la temperature de cph- 
servation et la decouverte de moyens auxiliaLres afin de complbter 
1' action du froid artificiel, tel que le parafflnage, la 
pasteurisation, la disinfection, etc. - 

La plupart des auteurs recommandent d'effectuer le paraf- 
f inage immediatement ou dans un intervalle de 24 heures. apres 
la ponte. Toutefois, il peut se produire des alterations. On 
cite ainsi le cas d'un transport d' oeufs paraffines expidies du 
Canada en Angleterre, qui. a dh §tre jete a cause des taches de 
moisissures dans la chambre a, air des oeufs (1). 

Pesq et Pan (2) ont constatil' apparition de petites taches 
noires autour de la chambre a air des oeufs paraffines, ainsi que 
quelques phenomines de nattire physique comme 1 'augmentation de ' 
la resistance de la membrane du vitellus et la formation de dip6ts 
goimneux sur la coquille; la viscositi du blanc d'oeuf n'a pas 
change pendant la conservation. 
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Salton, Scott et Vickery (3) ont observe une alteration des 
oeufs paraffines -due a 1 ' apparition de granulations seches ou 
molles a la face externe de la coquille. Les auteurs expliquent 
1 1 apparition de ces granulatiore par la diminution de 1 ' oxygens 
disponible, qui determine la modification des processus, meta— 
boliques et I'activi.te des bacteries' ^ui se trouvent k 1 'interieur 
de I'oeuf. De tels oeufs doivent §tre consideres aiteres, 
quoiqu'il n'y ait aucun signs apparent d 'alteration. 

. ■ meniionrier, ' encore-, un., f acteur d.ont . 1 ' inf lu-r- 

enc.e est enp.ore assez.cbntr.pvers.ee dsns la littera't'ure specialis.be, 
so,i,,t;: la... technique de la prerefrigeratlpn. ..Tuschneid. ( 4 ) 

mehlionne quer ies oeufs ne doivent . pas.,, e, ire , introduits. direotWment 
d,^s une. chambr.e,.fr.igorif ique a basses,: .temperatures , . pares qu'il. 
peut se prPduire , des. condensatipns ; de : vapeurs d ' eau a la face 
interne- de. la ccquil^le ,et .un. scindement des albumines. .La , prb.- , 
refriger.d.tipia. graduee est egaie.ment re.commandee ' par, Drager, :(. 5 ) 
ains.i qu.e par. le.s,, norms ,s. espagholes (. 6 )-. . P.a..r. contre Grolpykin- (7) 
mentre ' que '..la ' preref rigeratipn’' peut etre ’ e.ff e.ctu..ea,;,ps.nd,a^^^^ . . 

temps plus c.ourt , en utilisant des , ohambr.es a temper atur-Ss de . 

Qo ^ -)-2°.G..et une circula.tion de 1 ' air ayant ..une vitb-sse.de .0.-5 ■ • 
a-0.5m/sec. ' . 1 -" - 

EXPEEpEwpEs, EFPECTUEEs.:. . ' , ? :i ' 

'Dans nos experiences, nous' avons etudie l' influence, sd-es; 

facteurs suivants: 

1 .- le paraff inage; 

^ 4 .”- , l.S. conservation ,aux. temperatures de, sous.-^r.sfrigeration 
'**^*^; . 7 n', 5 °C) et. a un degr,e:.hy.gromstri,que., do '.87 des oeufs .. 
paraffines et nop paraffines. ...Les bchantiilpns. de com.parais.on 
ont .etb conserves au mdme, degre hygrometrique ,. mais.- a' une tempe- 
rature de 0°C,-o.5°C; 

3 .- la prerbfrlgbration rapid e ; i . .■■ .' r.-..-, ■ 

On- a utilise siihultanement des oeufs de. deux categories de 
fraicheur, soit:- 


a. -, des oeufs de ferme ayant'' une anciennete de -'24 heures St 
une hauteur de - la chambfe a air de 3^-mm, ' une . resistanbe de la ■■■ 
membrane du vitellus.- de. 10.0^'. et uh -ihdice du jaune d ''oSuf de' 0.525; 

b. --. .des -oeufs de^diverses provenances -ayahf'Une hautshr d© 

la chambre.a air de 5 a 7 ram, une ' resistance de la-membrane' du" 
vitellus .de,. 84^ et im indice .du Jaune -d ' oeuf ' de ' 0 .- 455 ; .--'i. -i 

Pour 1 '^etude de 1 ' inflilence de la prerefrigeiation rapids 
on a utilise seulement^ des oeufs de^ ferme -tres f rais , " ayant une 
hauteur de la chambre a air de 0 mm au maximum. La prerefrige— 
ration a bte effectuee a I'air, a une temperature de 0 a -2°C 
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et une vitesse de 1.2 m/sec. La duree de 1 ' abaissement de la 
temperature interieure de I'oeuf, a .+2®C, a ete obtenue aprfes 6 
heures. Les echantillons de comparaison ont ete , lentement pre- 
refrigeres, la temperature de l‘alr diminuant de.1°C toutes les 
2-3 heures. La duree de prerefrigeration a ete de 48 heures. 

Les oeufs ont ete embalies en caisses avec de la sciure de 
bois. Pour le paraff inage on a utilise de I'huile de, vaseline 
medicinale d'une densite de 0.88 et d*une viscosite de 3®E a 
50®0. Au moment du paraffinage, la temperature de I'huile a 
ete de 21 a 25°C. 

La resistance de la membrane du vitellus a ete determines 
en cassant les oeufs h une hauteur de 10 cm au-dessUs d'une 
plaque de verre. Les resultat ont ete exprimes par rapport.au 
total en pourcentage d ' exemplaires dont le jaune ne s'est pas 
etaie sur le verre. 

Pour le calcul de la moyenne de 1' indice du jaune d'oeuf, 
on a pris uniquement en consideration les valeurs des oeufs dont 
la membrane du vitellus a resiste a I'epreuve decrite ci-dessus. 

Les -alterations indiquees dans le tableau ci- joint, se 
rapp.ortent aux oeufs; attaques par les moisissures (attaques - 
massives ou taches peu visibles) ainsi qu'a d'autres formes 
d 'alteration, mais non les cas dans lesquels on a constate les 
granulations mucilagineuses et adherentes, decrites plus bas. - 

RESULTATS.. 

Nous presentons, le tableau des resultats apTfes S mois de 
conservation, pares que nous considerons que e'est 1,©. plus 
interessant. Apres les premiers trois mois de conservation, on 
constate une difference en fonction de la variants, uniquement 
pour les oeufs moins frais (hauteur de la chambre a air plus 
grande que 5 mm). Les oeufs paraffines de cette categorie (moins 
frais) ont donne de meilleurs resultats, que dans les variantes 
non paraff indes de la raeme categorie. On a constate apres 3 et 
6 mois de conservation, que la majorite des alterations sont 
dues aux moisissures. . 

Apr^s 6 mois de conservation, on constate que les oeufs 
paraffines independamment du degre de la fraicheur initiale, 
enregistrent, moins de pertes par alterations que les oeufs non 
paraffines. Toutefois, dans beaucoup d' oeufs paraffines, on a 
constate 1' existence de granulations mucilagineuses incolores, . 
adherentes a la face interne de la coquille. De telles granula- 
tions paraissent dans un petit nombre d' oeufs ^ partir du 4^me 
mois de conservation, Leur frequence augmente a partir du Sfeme 
mois et se trouve dans la majorite des oeufs paraffines ..apres 


■! 



1 
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8 mois. ^Ce phenornene n’a pas ete constate dans les oeufs non 
paraffines, fait qui nous autorise a supposer qu'il s'est produit 
a la suite des conditions speciales dues a 1 ’ impermeabilisation 
de la coquille par la .'paraff inage . 

D' apres le controle microbiologique , il ressort -que' ces ' 
granulations sont dues au mycelivjn des moississures suivantes: 
Pusarium, Penicillium, Sporotrichum. Sclerptium, et pas aux 
bacteries come f3ans 1' experiences de Salton (3). Une autre';' ' ' 
particularite dans notre cas est la formation des granulations 
decrites plus haut, a la face interne de ' la coquille, et non a 
la face externe . 

Quoique, au point de./vue organoleptique, I'es oeufs ayant de 
telles granulations etaient . normaux jrinciis les considerons alter^s. 

1 adirot ce pount -do fueij-le paraffinage a donne, dans les 
conditions ■. de, r:otr<?, experience ,;:de meilleiirs resultate qUe dans 
les echantillons de coraparaison, mais seuleraent '-au cours 'des 
premiers 3 mois de conservation. 

• , Daps , le, cas - d.es ^oeufg paraffiiidsy'- ie 'pourceniage 'ded 'oeufs ' 
al teres, non identifies:-^, 'ovoocopevest^ d -en'tif on 2- fbis 'piLue ■ 
grand que dans les oeufs non paraffines et ceci . sans .tenir .uompte 
des graniilatipriS , m.ucila:gineu3es..'''adiidren'tea' ’a Id ■'•fdce'^ l£t§fns de 
la coquille.,, ,, qui , efle3:,.,aU:SiSi'.:nt o,Kt pes ['4te -ideritifiges la ■ir' dvdscope 

^En'ce . qul concerne i la ;:.r.esf stance d-la^felufe'^de 'ia 'cd-quill^ 

. .congelation dans f.la .■■va.r-i.ante’' de-'tGnsefVatidn' par ''■sous"-^' 
refrigeration, on^a constate cue le nombre des oeufs paraffines, 
feles a ete de 3 a 5 fols moindre que dans ceux non paraffines! ' 

. La :fluidlte, du blanc 'Ci boouf a ..ete' 'beaucoup plus 'grande dans, 
les oeufs paraffines .;:que .dansu.le.s: echantillons de compar'aison. 

A.pres; 8 mois de conservation, la seule variante qtii n'a pas 
subit d ' alteration a evo cells avoc. prerefrigo-ratidn' 'iapide . 

CONCLUSIONS. 'i'.. , ■■■ • 


1.— Le ^paraffinage a dome -de- .meilleurs resultats, paf' 
rapport aux echantillons de comparaison, dans 1' intervale des'''' 
premiers 3 mois de conservation, independamment du degre de la 
fraicheur initials . 

Pour une periods de conservation superieure a 4 mois, le 
paraffinage a donne des resultats moins satisfaisants en ce qui 
concerne la resistance a 1 'alteration. 'De. meme, la resistance 
de la membrane du vicellus.'.a ete moindrs et le blanc d'oeuf plus 
fluids que dans les oeufs ^ non;- paraffines, ' ' 

2*~ La prerefrigeration rapxde i.experimentee avec des oeufs 
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de premiere fraicheur a donne les meilleurs r^sultats parmi 
toutes les variantes, n' enregistrant dans ce cas, aucune perte 
due aux alterations apres un laps de temps de 8 mois. 


TABLEAU RECAPITULATIP AYANT TRAIT AUX HO'DIPICATrOWB' 
DES OEUFS APRES 6 MOIS DE CONSERVATION. 



Oeufs non 

paraffines 

Oe ufs 

paraffines 


Indices 

li It 

1 

2°G 

8lio 

t = O^C 
'P = 87^ 

t ='-2‘'C 

f = sn 

t 

= o°c 

= 81<fo 



Hauteur de la chambre a air (imn) 




3 


3 

3-'" 

5-7. 


3 

tioS^' I'enl^ve- 

^ ' ment de la 

' chambre'''' 
frigorifique' 2’ 

19,34 

' ^2/5., , 

!' c 

,2.2 



Apres 14 
jours de- 
I'enleve-’ 
ment 


8,00 


' ■ ■ ' 




Total 

2 

27,34 

12,5 

- 



r 

Pertes en poids /o 

1 ", 7l' 

1,61 

' 3, 52: :::2,91 

■^'‘02 

i 0 , 59 ' 


0,91 

Indies du jaune 
d ' oeuf 

0,46 

0,44 

0,47 0,43 

0,49 

0,51 


0,47 

Resistance de la 
membrane de vi- 
tellus io 

60 

50 

71 70 

56 

32 


42 

pH du jaune d'oeuf 

6,83 

6,41 

6,86 6,52 

5,96 

6,26 


6,76 


1 ) Les oeuf avec des granulations mucilagineuses adhdrentes 
a la face interne de la coquille n'y sent pas compris. 


2) Prerefrig^ration rapide. 
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L*Experience de I'entreprise d'etat ANTREFRIG- concer-nant 
la conservation par le froid des produits alimentaires 

The Experience of the State Plant ANTREFRIG for the 
Cold ' Storage of Foodstuffs. 

FICIU, S., MURARIU, M. , et NACEA, E. 

Institut de Rechefches dPs Produits 
Alimentaires, Bucarest, Roumanie. 


^ SUMMARY. A cold storage plant for storage of cooled.br 
frozen foodstuffs, quick'-f'reezin^ oY' fruit , vegetables^ ahd'f;' 
prepackaged meat- cuts, of- precooked 'Or half^processed food ' 
is described. The technilogical processes used, for each pro- 
duct-: and the principal' devieOs are ‘'described. '' ' SOrrie bbser-. 
vations are: also reported related to ' physico-chemicai'; and ! ' ‘ 
bacteriologi-cal changes' ih-trPit , -•vegetabies , meat' and pr©r, 
cooled meat food, from raw material to the finished'''‘'pr6duct. 



L'ehtreprise specialisee 

suivants : 



"Antrefrig" repond auJci Ob jectifs 


Entreposage de certains produits alimentaires rOfrigeres 
et : congelds. r e.:.---- ■ 

bbngelation de.:lasyiande..portiQnnee:.et pre.t^embaiiee; ' 

Production de plats cuisines et de demi-^ produits culinaires. 


Production de la glace hydrique,. 

■ DaneTce qui suit , -nous, allons: presenter queiques/ aspects 
des prihcipales activites de 1' "Antrefrig" . 

ENTREPOSAGE DEs" PRODUITS ALIMENTAIRES REGRIGERES ET-. CONGELES . 


. Les,: unites ..frigorifiques .ont ete construites . dans la 
periods . 1^913-5 942 et ont dte modernisOes et agrahdies pendant 
les derhieres dix annees. 


Chaque entrepdt est pour'vu de chambres d ' entreposage h. 
une temperat'ure. de -16 . a. -r20°G pour des :produits.i alimentaires 
congeles et de chambres pour les aliments refrigerds. 

La.plupart des frigorifiques; appliquent le refi’odiSsement 
a saumure, en utilisant des appareils du type see, : humid e', ou 
bien des elements de chambre. 





Approved For Release 2009/05/01 : CIA-RDP80T00246A00750Q340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 

5-34 

- 2 - 

La majorite des entrep6ts ont des installations de tele- 
transmission pour les importants parametres, cornme la tempe- 
rature et 1' humidity de I'air des chambres frigorifiques. 

Chaque unite est dotee de tunnels a congelation rapide 
d'une capacite moyenne de 10 tonnes/24 h et de chambres de 
pr^refrig^ration ou de rechauffage. 

On n'admet pour entreposage que le's prbduits de: qualite 
superieure qui reunisserit toutes les conditions preVues dans 
les standards uniformes pour tout le pays. 

Durant la reception, on effectue les examens organolep- 
tiques et le contrSle au laboratoire conformement aux methodej 
unitaires. A la suite de ces examens, on donne des indicatioi 
concernant le mode d ' entreposage et sa duree. 

Les produits sont deposes par lots; pour chaque lot on 
effectue un contrSle p^riodique en laboratoire, afip de 
determiner les mbdif ications physico-chimiques et micro- 
biologiques. ; ^ 

A la livraison apres 1 ' entreposage , les produits alimen- 
taires sont soumis de nouveau a des examens organoleptiques 
et au contr6le de laboratoire, apres quoi on ^met le certificat 
de qualite,. . 

B. PRODUCTION DES FRUITS ET DES LEGUMES CONGELES. 

Cette production a ete commencee a 1‘^chelle industrielle 
en 1955, et en 1958 on etait deja arriv4 a un accroissement 
de 15 f pis par comparaison avec la premiere anndei. En 1958 
a ete mise en exploitation une nouvelle section, dot^e d'un 
outillsge moderne , . ^ ^ 

Les principaux produits sont: f raises, framboises, 
griottes myrtilles, prunes, raisins en moflt, petits pois, 
haricots-verts , courgettes, gombo, mais- ep .epi et tomatesi 

On envisage 1' utilisation de la nouvelle section de la 
maniere suivante:, 

- octobre-mars: viande portionnee , pre-emball4e pour 
usage ihidividuel et viande desossee pour 1' Industrie; 

- mars-avril: oeufs oongeles; 

Vftei-septembre: fruits et legumes congeles. 

L ' indice d 'utilisation de la section peut atteindre ainsi 
92-955'o, les outillages technologiques etant adaptables ou bien 
pouvant; §tre changes facilement. On a prevu une periods de 
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reparations de 20, jours en mai et de 10. jours en oetobre. 

Le mode de distribution de I'espape results de la 
figure ci-jointe. 

L' installation frigorifique assure, la temperature de 
-35® dans' les txmnels k' congelation rapide, de -40^ dans les 
appareils congelateurs k plaques, de -18® dans les dep6ts- 
tampon des produits congeles et de 0°C dans les chambres de 
conservation de la matiere premiere refrigeree. 

Le transport, en commenpant par le dechargement de la 
matiere premiere jusqu’a la fabrication, est realise a I'aide 
de bandes de transport. Le lavage, le triage et I'emballage 
sont mecanisee a I'aide d'outillages construits en Eoumanie, 
parmi lesquels on peut citer: 

- machine a laver a action continuelle avec barbotage 
et douches j 

- band e de triage triple h vitesse variable; 

- blanchisseur a vapeurs, a. action continue , pour . 

utilisation universelle ; ' ^ 

- refroidisseur a douches et sechoir. . 

L'emballage utillsd vapie, selon .les produits. ‘ 


Pour les fr'uits sucree , on utilise des boites en carton 
paraffine, dont la capacite unitaire est de 250 et, de , 400 g. . , 
Les fruits sans sucre, de meme que la plupart des iegtimes. sont 
emballes dans des sacs doubles de papier parchemin^,'sceiils 
et pes^s. 

A partir ds'1958, on a employe les emballaeSs en matiere, 
plastique (Polychlorure de vynile , polyethylene^, surtout ;^o.ur 
le.s .fruits. .' . ■■■■ ' 

Corame emballage de transport, on emploie dee boites. en 
carton gauf re, dont les dimensions sont de 530 x 265 x 265 .min. 

Les dep8ts-^tampon de la section sont utilises pour I'ehtre- 
posage des' produits congeles seulement durant quelques jourS. 
L'entreposage de longue duree est realise dans vin frigorifique 
situe pres de la section des produits congeles rapidement. 

0. PRODUCTION DE LA VIANDE PORTIOM!^ , PRE-EMBALLEE ET QONGELEE. 

L"!ANTREPRIG" a coinmence cette productj.on en 1958.' "' , 

La viande de boeuf bii de pore est tranches auparavant en 
portions anatomiques, ensuite portionnee et emballie dans le 
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cellophane et congelee dans des appareils a plaques. La duree 
de la congelation est de 120 - 150 minutes. On prdduit les 
assortiments suivants: 

specialites de pore et de boeuf en paquets de 0.200 kg 
(cdtelettes de- po,rc - carre filet, colet, entrecote, faux- 
filet); 

- viande povtr rSti dans de paquets de 1 kg (escalope, 
fricandeau etc.); 

. r- viande de cuisine en paquets de 1 kg et de 0.500 kg; 

- viande de boeuf hachee en paquets de 1 kg et de 0.500 kg. 

Les paquets de 1 kg et de 0.500 kg sent congeles dans des 
chassis- parallelepiped Iques en aluminium & 1' aide desquels 
on obtient une forme reguliere des paquets. • ' ■ ' 

^Ce systems de congelation de la -Viande permet de realiser 
une economie considerable d'espace frigorifique destine a I'en- 
treposage. C'est ainsi qu'en 1958 on a pu augmenter le charge- 
ment specifique d'une chambre frigorifique ;jusqu'e 58.2^ en 
appliquant le nouveau systems de congelation. 

On produit aussi de la viande desoss^e, qui est coi^geiee 
pour 1 'industrie.de la charcuterie, en blocs de 7 et de 20 kg, 
ainsi que la viande tranchee par specialites, qui est livrde 
refrigeree aux grandes unitds consQmmatrices (restaurants, 
cahtines, etc.). . ^ 

D. PRODUCTION DE PLATS CUISINES ET DE DEMI-PRODUITS 
CULINAIRES CONGELES. 

;A partir Ue 1 958, on a mis :au point la production des 
produit s cplinaires suivants r. boulettes dS viknde en feuilles 
de vigne ou de chou (sarmale), poivrons farcis et auiires mets 
nationaux specif iques. 

Ces ^produit s sont 'presentee dans des boltes eh carton 
paraffine ou bien dans des sacs de polyethylene, ayant im 
contenu .de ,0. 500 kg. On peut les consommer aphes un simple 
rechauf fement;, ou bien en, ajoutant des ingredients d ' apres, 
le go^t de chacun. 

La ligne technologique a fonctionne en 1958 a titre d 'ex- 
perience: et elle sera definitive en 1959. 

On prevoit pour I'avenir une production de I'ordre de 
centaines de tonnes, comme rejultat du sondage effectud parmi 
les, corisommateurs qui ont apprdcie favorablement les nouveaux 
produits., .-t:,-. 
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^ QUELQUES OBSERVATIONS vCONCERNANT LES' MODIFICATIONS 
PHYSIG0-CHIMIQUE3 . ETi MICROBIOLOGIQUES QUI ONT L.IEU 
- DANS CERTAINS. FRODUITS''.GONGELES.' , ; ' ' ' 'V ' 

1 •- Modifications du contenu en vitamine C par phases du 
! a .processus tectoolofeigue (la 'mati premiere', . la .congelation , 
. .lif'entreposage ) / j-.r: - ^ ' a;::ov;A .! ■' ; ; ' ", 




. ...'pOn a fait' des ' rebhetches stir 'tfois' Ipt^ .de ' fruitis speci- 
fiques pour ■'les' cOnditioiii' de-culture en '-Rbtim&h'le . iie^ resul- 
.:v tats, de ces recherohes -sont 'donhes dans I'e tiiSleati' VI'V. 


o a « 


Tous ces fruits ont ete congeles sucres. Pour determiner 
le contenu en vitamine C on a employ^ la method e de tit rage 
avec diclofenolindofenol. 


TABLEAU 1 . 


CONTENU EN VITAMINE 0. 


Contenu en vitamine C, mg % g 


L1°piodS°t” Apr^. la Aprts 

^ ere conge- . 

premi- lation mois 


Aprbs 
3 mois 


Aprbs 
4 mois 


ere 


pertes 


pertes 


pertes 


pertes 


Praises 

56,8 

55,6 

'5,2 

54,8 

5,8 

54,2 

7, 

5 

53,6 

13,6 

Pramboises 

40,62 

30,8 

2,03 

39 

4 

38,6 

■4, 

9 

36 

11 

Griottes 

22,3 

21 ,8 

2,2 

21 


20,2 

9, 

4 

19 

14,7 


2.>- Modifications microbiologiques oLserybes dans la viande 
portionnee nre-emballee (viande de boeuf) . 

On a determine la variation du nombre des germes par 
phases du processus technologique . Les resultats de ces 
determinations sont donnbs dans le tableau n® 2. 


TABLEAU 2. DETERMINATIONS DE LA VARIATION DU NOMBRE DES 
GERMES PAR PHASE DU PROCESSUS TECHNOLOGIQUE. 


Phases du processus technologique 


Nombre total des germes 


La 

mat i ere 

premiere avant d'etre tranches 

250.000 

(1 

H 

" apres avoir ete " 

480.000 

Le 

produit 

fini apres la congelation 

18.000 


11 

" apres 3 mois d ' entreposage 

10.000 
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On constate que grS.ce a la congelation, -le nombre , total 
des germes se reduit .^considerlblement c '=e3t-a-dire de.; 480.000'^« 
h 18.000 germes/g. Pendant I'entrepo sage, on constate une 
nouvelle reduction du nombre qui represents 10,000 germes/g. 

. Bien que cette reduction du nombre ;;de germes represents 
un effet favorable de la conservation par' la congelation, on 
ne doit pas accorder lone moindre attention aux conditions 
sanitaires et hygeniques. It ne faut: pas .ou'blier que certains 
germes pathogenes resistent asseg bieni.a i' action des ; -i 
temperatures basses et que ■pendant la .decongelation le nombre 
total des germes augments de nouveau a un rythme ac.celdre. 
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The Investigation of new Cold Store Cooling Systems. 


Recherches sur les nouveaux systemes frigorif iques 
des entrepots 

S.O; CHUKIIN, D.G. NIKULSHINA and V.P. CHEPURNEMO 

The Odessa Technological, Institute of the Pood and 
Refrigerating Industry; Odessa; tJi3;S.R. 

SOMMAIRE. Le rapport examine un nouveau systems, propose _et 
etudie par les AA. , de "refroidissement par panneaux longitudinaux 
de serpentins" pour equiper les chambres froides a doubles— parois 
sans modifier de la construction et pour reduire la difference^ 
de temperature entre I'air de la chambre et la fluids frigorigene. 

Le mSme systems permet de produire un refroidissement intense, 
quand les aliments sont en cours de chargement dans la ch^bre 
froide en transformant les serpentins a ailettes longitudinales 
en systems bilateral. Les relations entre la transmission de 
chaleur au systems, les besoins de froid du serpentin, la reparti- 
tion de la temperature a la surface d'echange dans la ch^bre et 
entre les parois ont ete etablies pour les deux utilisations cou— 
rantes, ainsi que les variations des pertes de poids des aliments au 
cours de 1 ' entreposage . 

On donne les resultats des recherches experimentales sur le 
systems frigorifique propose, qui montrent 1' accord entre les 
donnees theoriques et experimentales. 

La seconds partie du rapport presents les resultats des 
recherches experimentales sur un systems^ frigorifique de faible 
puissance avec tube lisse et serpentins a ailettes en cascade, 
effectuees en laboratoire et dans les _ entrep6ts frigorif iques de 
1 ' Industrie de transformation de la viande. Les ^caracteristiques 
thermiques et hydrauliques de ce systems ont ete determinees et 
1 ' on donne des recommandations pour sa modernisation future par 
transformation , des serpentins en systems a cascade partiellement 
noye. L'efficacite de cette mesure a ete^ confirmee par les essais 
comparatifs supplementaires pour un systems a fa,ible puissance dans 
une chambre experimentale polyvalent ainsi que dans les entrepots 
frigorif iques de de'ox installations de transf 9 rmation de la viande. 

Le rapport presents la relation pour la transmission de 
chaleur d'un tube lisse en cascade et de serpentins a ailettes 
dans les conditions de I'echange de chaleur seche ou hxunide. Les 
relations ont ete etablies pour le temps de formation de givre a 
des temperatures inferieures a 0° C. Les resultats de I'essai 
d'un ref roidisseur d'air a ailettes pour le refroidissement, 

1 ' entreposage et la congelation sont donnes a la fin du rapport . 
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The strive to improve the conditions of food storage in 
cold stores and to decrease weight losses led to the develop- 
ment of jacketed cold stores. A model of a jacket with panel 
cooling by means of longitudinal coils has been designed and 
tested by the authors for experimental purposes. 

An experimental room (3.15 x 3.05 x 2.88 m) equipped with 
such refrigerating elements is shown in Pig. 1. Pinned "cascade" 
type coils have also been installed and tested in the cold room. 
The specific feature of these coils is that the liquid ammonia 
is supplied into the upper pipes and flows down these pipes to 
the lower ones in a stream occupying only a part of the pipe 
section. 

The vapour is drawn off a header connected with all the 
pipes of the coil. 

Pig. 2 gives a schematic diagram of the experimental cold 
room, its equipment, auxiliaries and measuring instruments used 
for the experiments. 

TESTS AND CALCULATIONS OP A PANEL COOLING SYSTEM 

The main element of the tested panel cooling system given 
in Pig. 1 and 2 is a 16.6 m^ single-row "cascade" type wall coil. 
The 57 X 3.5 mm pipes of the coil have a 270 mm pitch. A 1.5 mm 
thick steel plate is welded to the pipes on the side of the cold 
room. By this plate a part of the space is fenced off the room 
and thus a protective jacket is formed. The external heat gain 
is absorbed by the plate and the coil pipes. Additional external 
heat gains were created during the tests by means of screened 
electric heaters (7) located inside the jacket. 

Por determining the total heat load of the coil electric 
heaters 10 were mounted on the line removing vapour from the c®il. 
Electric heaters (9, Pig. l) were applied to reproduce an internal 
heat gain from fresh goods charged into the room. 
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The removable longitudinal coll fins, arranged in the upper 
and lower parts of the coils were opened when switching in the 
heaters 9 and thus the circulation of air at the coils was 
intensified. 

An overflow pipe was connected to the header from which the 
vapour generated in the coil was drami off. By opening valve 'X 
and shutting off the valve b it was possible to fill 2/3 of the 
coil pipe with liquid ammonia therebjr providing a reliable removal 
of heat at an insignificant hydrosta,tic liquid column in the coil. 
The upper pipes of the coil remained partially full whereby the 
main advantage of the "cascade" system was provided, namely, 
reliable operation and simplicity of the refrigerating installation. 

Copper-constantan thermocouples, shown in Figs. 1 and 2, 
were used for temperature mea,suremsnts at the surface of the coil 
as well as of the ammonia and of the air both in the cold room 
and in the jacket. 


The following analytical relationships were obtained for 
calculating the heat exchange of the flooded part of the 
longitudinal fin coil; these relationships were then checked 
experimentally . 


a ) In case cf an absence of internal heat gain in the cold 
room . The temperature changed along the height of the fin 



where: - temperature difference between the fin base and 


the air in the room, 




a, - 




tz " 

/ ^ ^ 
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;;X- - film coefficient of heat transfer at the external 
surface of coil facing cold room, kcal/m^ hr C; 

oXi, ditto of the surface facing jacket, kcal/m^ hr °C; 


~ tercperature of air in cold room, C; 


-/■ 
i I! 


temperature of air in jacket, C; 


A, 


thermal conductivitj* of plate material, 


kcal/m hr 


o.~ 


- fin thickness, n; 
h - fin height, m. 


The amount of heat transferred by the plate to the pipe 

Jh- kcal/m hr 


Q 


where : 


d-.f- Ki Ki, 


A'- 


1 


bp 


1 " c ? 

, /, - 6 




; 


-A?) 


ci 7 c< 1 




t u f /.j j 


- 1: ^ 


V'b~ th{\/a,h) 

dz / ^>7 di 


lA r.-, 




, A- 


iii 


cx. - film coefficient of heat transfer to evaporating 


ammonia, kcal/m^ hr °C ; 


OXy ~ ditto from air to pipe, kcal/m^ hr C; 


/y - evaporating temperature , °C ; 

A?. - thermal conductivitjr of pipe, kcal/m hr °C; 
pipe wall thickness, m. 


c’j: 


The amount of heat transferred from the air through the 
external surface of the pipe 


/:> 


C*. 1 


iTdz bp. 


K M. '7 


£ 




o</ 

c<^ 


kcal/m hr 

( 3 ) 
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The heat leakage into the cold room from the jacket through 


a fin 




-b-f 

fOi 


ih ( yci, h) ] 


kcal/m hr 

( 4 ) 


1>) In the c a se of an internal h e at gain in the cold room . 
The temperature of the air in the jacket and in the room may he 
considered in this case equal and the film coefficients of heat 
transfer to the surface of the coil from the air in the jacket 
and in the cold room are equal likewise. 


Then 


where 


and 



kcal/m hr 

( 5 ) 


kcal/m hr 

( 6 ) 


A comparison of the calculated and experimental values of 
the heat flows and of the temperature distribution along the heat 
exchange surface of the coils illustrates their good coincidence. 


The following conclusions have been drawn. 

a) The longitudinal fin coil panel cooling made it possible 
to intercept a considerable part of external heat gains and to 
decrease the temperature difference between the air in the room 
and the ammonia at an absence of internal heat gains. 

b) In the case of products being cooled in the cold room, 
the jacket principle is upset. However, in this case the 
shrinkage is still lower as compared with conventional refrigerating 
systems (without a cooling jacket). Thermal calculation of the 
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coil E.ay be inade in ihis case isi'ch. tiie help of fhe expressions 
(5,6). 

c) A decr? 3 . 3 e of the shrinkage depends upon the design of 
the coil and is determined by the coeff j.cient ■ 

5 " a, to, 

A drawback of the suggested system is the penetration of 
some exteriia.l heat into the room through the panel coil fins, 
also a certain complexity of construction of the cooling coils 
with longitudinal fins.. Further work is required in this connection 
in order to improve this system, 

EXPERIMENTAL INi/ESTIGATIONS OF TYPICAL DESIGNS OP WALL AND 
OVERHEAD "C.A.SCADE" TYPE FIMED COILS MOUNTED IN THE EXPERIMENTAL 
COLD ROOM 

The coils were made of 57 x 3-5 mm pipes with 46 x 1 mm 
steel band 35.6 mm pitch helical fins. The 13-row high spiral 
wall coil with a 220 mm horizontal pitch and 180 mm vertical 
pitch had 31.5 m^ external heat transfer surface and a 7,85 fin 
to bare pipe surface ratio. 

The finned surface of the 3-row high 6-row wide overhead 
coil with a 185 x 185 nun pipe pitch was 47,3 

Both coils were tested under both operating conditions - 
partially and completely filled. The wall coil was tested under 
a third routine, with only the lower pipes completely flooded. 

The latter routine was attained by means of an overflow pipe of 
the vapour header and valves and (Figs. 1, 2). 

The flooded part of the coil in this case constituted 46?5 
of the entire heat transfer surface. 

The thermal characteristics of the coil were determined at 
a temperature in the room and the entire building structure equal 
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to the ambient air temperature. The heat evolved by screened 
electric heaters installed in the room was completely removed 
by the tested coil and its heat load was determined by the 
electric power consumption of the heaters. 

The temperature of the cooling surface as well as of the 
air and refrigerant at the points shown in Pigs . 1 and 2 was 
measured by means of copper-constantan thermocouples.' Besides, 
the described method of determining the thermal characteristics 
of the coils, their film coefficients of heat transfer were 
compared by confronting the distribution of temperature on the 
finned surfaces 

The change of the film coefficient of heat transfer of the 
tested coils depending upon their filling with liquid ammonia 
and method of refrigerant supply is given in Fig. 5. 

The data have been, obtained when testing the wall coil at -4.5° - 
-9.1°C evaporating temperature and 10.5° - 15.9°C. difference 
between the evaporating temperature and the temperature of the 
air. The film coefficient of heat transfer from the air to the 
finned surface amounted to 4.75 - 5.53 kcal/m^ hr °C. 

The overhead coil was tested at a -6.0° - -9.0°C evaporating 
temperature and a 10.5 — 12.0°C temperature difference. The 
film coefficient of heat transfer was 4.0 to 4.5 kcal/m^ hr °C 
on the air side. 

Lower values of K in completely filled coils may be explained 
by the negative influence of the liquid head amounting to 3.2 m 
liquid ammonia in the wall finned coil, and to 1.65 m ia the 
overhead finned coil. 

A smaller overall coefficient of heat transfer in the coils 
with all the pipes partially filled as compared with the coils 
in which the lower pipes are flooded, should be explained by an 
increase of the temperature in the upper part of the pipes in 
contact with the vapour flow. 
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The tests have shown that with partially filled upper pipes 
and completely flooded lovrer ones, the coil, retaining the 
advantages of the "cascade" type coil is destiriguished by the 
following additional advantages as compared with the latter: 
smaller (by 30 to 50^) circulation receiver capacity requirements; 
less sensitivity to stoppages in the liquid ammonia feed to the 
coil. 
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Fig. 1. Experimental cold room and its cooling system. 1) cascade type longitudinal fin 
wall coil; 2) overhead 3-row cascade type finned- coil; 3) wall 2-row cascade type finned 
coil; 4) measuring vessel; 5) receiver; 6) ammonia pump; 7) electric heater in the room 
jacket; 8) screen; 9) electric heater in room. 
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Fig. 2. Schematics of experimental room cooling system, l) ammonia pump; 2) distributing 
vessel; 3) overhead 3-row cascade type coil; 4)wall 2-row cascade type coil; 5) wall cascade 
type coir with longitudinal fins; 6) measuring vessel; 7) receiver; 8) mercury pressure 
gauge; 9) differential pressure gauge; 10) electric heaters A. Location of thermocouples on 
surface of finned coils. B. Location of thermocouples on coil with longitudinal fins. 
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Recherches sur la cryodesslcation de quelques 
prodults enzymatigues utilises dans 1* Industrie 
alimentaire 


Investigations in the Preeze-drying of Some 
Enzymatic Products used in the Pood Industry 


A. SAW, A. CIOBMU and G. ADAM. 

Institut de recherches alimentaires: 

Bucarest, R.P.Roumaine 

SUMMARY. Preeze-drying of pepsin and rennet were 
studied. Interesting results were obtained by using 
a medical lyophilizing plant. Pepsin and, rennet were 
quick-frozen in films on the walls of flasks plui^ed 
in ethyl alcohol at - 37° 0, then these itaterials 
were lyophilized to a moisture content of 3.27 % for 
pepsin and 1.72 for rennet. Coagulating ability 
determined immediately after drying was 1:400,000 
for pepsin and 1:88,000 for rennet. It maa concluded 
that freeze-dr 3 ?-ing has no negative effect on the 
original coagulating power. Subsequent storage was' 
in flasks closed at ordinary temperature 'in three 
different ways s sealed, under vacuum, and in carbon 
dioxide atmosphere. The coagulating ability of pepsin 
did not vary during 3 months under all methods; 
however, after 8 months storage, only flasks under 
vacuum retained, their original ability. As for 
rennet, its coagulating ability did not Vary during 
4 months under all methods. These good results show 
the future industrial possibilities for the storage 
of these enzymatic products, ~ 

Appliquee d'abord en medicine pour la conservation 
dt^lasma sanguin et des produits antibiotiques pendant 
la seconde guerre mondiale, la cryodessic'ation 
(denommee aussi lyophilisation) a ete ensuite utilis4e 
pour d'autres produits pharmacetitiques. Les experiences 
effectuees en U.R.S.S., U.S.A. et ailleiors ont demontre 
que cette methode peut etre appliquee aussi a certains 
produits alimentaires. licov [l] , Neumann ^2) et 
I'losdorf affirment qu’on a realise ayec succes la 
cryodessication des fruits et des legumes, de la 
viande et du poisson, des .ius de fruits et des 
solutions aqueuses de ferments . 

les principaux avantages de la deshydr station 
par sublimation sous vide sont : i 
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Tempdratixre basse diu’ant le processus, ce qui 
inhi’oe les modifications biocliimiques^ 

2o- Dispersion v^niforme et constants du solvant 
sans augmenter la concentration a mesure que se produit 
la deshydratation. C’est ainsi qu'on atteindre une 
huffiidite tres reduite, sans q\ie le produit subisse 
des modifications chimiques O’a colloidales, 

3o- Le manque d’oscygene empeche I’oxydation 
des composants pendant la cryodessication, 

4»~ Rehydratation rapide au moment de 1 'utilisation, 

Dans le processus technologique de lyophilisation 
interviennent les phases principales. suivantes; 
congelation, sublimation et le complement de la 
deshydratation par la vaporisation a' des temperatures 
positives.. 

Le resultat final de la cryodessication est 
conditionne par la manlere de congelation ; les 
meilleur^ resultats sont obtenus par 1 'autocongelation, 
car cette methode assure la decroissance plus rapide 
de la temperature du produit. 

Ainsi, on realise aussi ime reversibilite plus 
avahcee et, en meme temps, une plus grande s^lrface 
d'evaporSsation grace aux petits cristaux de glace 
formes,’-' 

Cepsndant on peut agrandir la yitesse de 
congelation en employant atissi la mbthode de 
congelation en couche fine, pour les llquides. 

Durant la sublimation, les transferts de 
chaleur et de masse sont determines par la vitesse 
de deplacement de I'humidite de I’interieur du 
produit vers la surface, par la temperature a 
laquelle se produit la sublimation et par la 
difference de pression en rapport a la pression 
ambiante, 

L'intensiti' de la vaporisation (et par 
consequent du sechage) doit etre egale a celle 
de 1 'elimination des vapeurs et doit correspondre 
^ la faculte de condenser ces vapeurs. L'intensite' 
de vaporisation pendant, la sublimation depend 
du flxmc de chaleur que recoit le materiel en cours 
de lyophilisation, Ce flux est determine en 
proportion de 40-45 par la radiation et 60-65 
par la convection. 
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Pratiquement on pent considerer la pression des 
vapeurs a la sirrface ‘dlx produit comme ijepresentant 
60 io de la pression des' vapeurs d'eau a ^la surface 
de la glace, pour la meme temperature Ht- , 

Seule la sublimaticn ne peut pas realiser la 
ddshydratation du produit jusqu'aux limites necessaires 
et c'est pour oela que dans le processus technologique 
de se'cliage intervient une troisidme phase, celle de 
1 'Elimination de I'humidite ramanente, Jusqu'a une 
teneur d'humidite finale d 'environ 1 iDurant cette 
phase, la vaporisation se produit a' des temperatures 
superieures a' celle de 0° C. 

Apres, la cryodessication, le produit obtenu 
doit etre intro duit dans des em.baliages ,herm6tiques, 
de preference dans 1' absence d'oxygene, 'puisque la 
surface en contact avec le milieu ambiant est tres 
grande, ayant une structure extremement qioreuse. 

La longue durabilite' du produit !^ophilisE est 
une propriete importente q'ui a suscite''^ 1' attention 
des cliercheurs et qui a ete verifle'e dans diverses 
conditions,' 

Sous 1' aspect econoffiiqu.e, le prix de revient 
de la lyophilisation n’est pas tres e'leye du point 
de vue. des frais specif iques d’energie, mais les 
depenses d 'investissements sent trop imp'ortantes 
par rapport a la productivlte de telle s installations, 
C'est pour cela qu'a I'Institut de recherches 
alimentaires de Bucs,rest les recherches effectuees 
ont ete dirigees xiartic’aliereroent dans la direction 
de conservation de certains produits microbiologiques 
ou enzymatiques utilises dans 1' Industrie alimentaire. 
Ces produits se preprarent en quantites ;relativement 
petites, mais ils oriit un prix de revienli eleve et sent 
indispensa'bles pour de nombreux processus 
technologiques, par exemple dans I'indus'true laitidre. 

RECHERCHES EEEECTUSES 


Pendant I'annee 1958, on a experiments la 
lyophilisation de.la presure et de la pejpsine. 

les recherches ont ete effectuees dans une 
installation pou lyophilisation du plasma sanguin 
systeme "Usifroid''' , ayant des plateaux pour les 
fioles^ou les flaoons qui contiennent le produit, 
disposes dans une cvive hermetiquement fe'rme’e. 
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Cette cuve circulaire, ^isolee du point de vue 
thermique, est a I'interieur refrotdie par les, 
tubes qui constituent 1 ' eVaporateur d*une installation 
de froid* Ie_vide §, I'intdrieur de la cuve est 
d' environ 10”^ mm Hg, tandis que la temperature du 
condenseur est de -40 a -50° C. 

II y a aussi un appareil ind^pendant pour la 
congelation du produit par 1* immersion et la rotation 
des flacons dans un bain a' alcool refroidi Jusqu*® 

-40° G. 

LA CRYODESSICATION DE LA PEPSINE 

On a employe une solution de pepsine obtenue 
par le precede Tiperovitsch » ayant une teneur 
a’humidite de 89,58 ^ et I'activite’ coagulante de 
1 : 46.000 (qui peut etre considere'e normals), Povir 
1 '^experience furent utilises 700 cm^ de pepsine 
repartie dans 14 flacons. 

La congelation a ete reallsee dans un appareil 
de congelation par immersion, a la temperature de 
-- 35° C, durant 5 minutes; ensuite les flacons dont 
le contenu a ete congele en une couche extremement 
fine, ont ete conserves pendant 2 heures a la ^ 
temperature de - 16° C, apres quoi ils ont ete 
introduits dans 1 'appareil de lyophilisation. 

Le plateau de 1’ appareil fut prealablement 
refroide a - 20° C. Le processus de sechage s'est 
prolongs 9 heiires 3o minutes. Les variations de la 
temperature du produit dans les flacons, du _ ^ 
plateau et de la surface du condenseur ont e'te 
mesure’es a intervalles re’guliers, a I'aide des 
thermometres a resistance. 

A la fin du processus de sechage, la temper at\ire 
du produit s'elevait jusqu'a + 21° C, 

Apres le sechage, la teneur en humidity de la 
pepsine a e'te de 3,27 5^ et son activity coagulante de 
1 ; 400.000, Tout en considerent la proportion dans 
laquelle a ete re'duite I'humidite', il en resulte que 
par lyophilisation, la pepsine a conserve' son 
activite, de coagulation initials. 

Pour determiner le comportement de la pepsine 
apres la lyophilisation pendant quelques mois de 
conservation, om a experiments les variantes 
suivantes? 
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a. la conservation dans des fioles en verre, 
fermees par flainlaage, de la maniere habituelle? 

b. la conservation dans des fioles en verre, 
fermees sous vide de 50 mm Hg; 


c. la conservation dans des rdcipients en 
atmosphere de bioxyde de carbone, 

I 

I 

Avant d'etre introduit dans les fioles'i, le 
produit a ete broye, afin de r^duire sa porosite, 

i 

Le comportecient des echantillons de pe.psine 
par rapport a la duree et aux conditions de 
conservations ressort du tableau 1. 

Tout les e'chantillons ont ete conserves a la 
temperature ambiante (+ 16 20° C), 


' , ^ ■ I' 

Tableau 1. COMPORTEIIENT DES EGHANTILLORS DE PEPSINE LYOPHILISflE 


Nr . Maniere de Activ ite coagulante 

» foi*!!!©!* X©S 

flacons Initiale Anres 90 .jours Apres 230 .lours 

1. Habituelle 1 : 400,000 1 s 400.000 1 : 160,000 

( f lamb age ) 

2. Sous vide 1 s 400.000 1 s 400.000 1 s 400.000 

3. Dans 1' at- 
mosphere de 
bioxyde de 

carbone 1 : 400.000 1 ; 400,000 @n n'a pu 

determiner 


De I'examen du Tableau 1, il resulte que la 
pepsine a conserve son activite initiale durant 
go jours, dans toutes les 3 variantes exp^rimentales. 
Durant la conservation de 230 jours, 1' activite 
coagulants s'est maintenue sans modifications, 
uniquement dans les flacons fermes sous vide. 

Pour determiner ce qu'on appelle "1 'activite 
coagulante" on a pris en consideration le moment de 
1 ' apparition ;du caillot. 
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LA. CRYODESSICATIOH DE LA PRESURE 

^ On a employe une solution de presure obtenue de 
meine a I’Institut, a p)artir d'estomacs de waux, par 
le procede Berridge [5,/ . 

Pour 1 ’experience,, ,on a introduit une quantite' de 
300 cm5 de so.lution de presure ayant une teneur en 

humidite initiale de 88^93 % et une actlyite coagulante 
de 1 j 9? 900 (qui est considerCe normale), 

la congelation a ete effectuee rapidement dans 
les flacons, dans -les ine.mes conditions que pour la 
pepsine» Apres la congelation, les flacons contenant 
la presitre furent deposes sur le plateau de I'appareil 
de cryodessication, refroidi au pr^alable a' - 20° C, 

Le processus dura 8 heitres 3o minutes et la tempe'rature 
finale du produit fut de 23° Co 

Apres le sechage, on a determine une teneur en 
humidite' de la presure de 1,72 5^ et une activite 
coagulante de 1 % 88,000. 

En vtie d 'observer le comportement de la pr4sure 
apres la lyophilisation et pendant la conservation, 
on a experiraente les memes variantes que pour la 
pepsi.ne, 

Les resultats sont indiques dans le tableau 2. 


l§l9leaiL,,2.?.GOKPORmrEKT DE3 ECEAIITILIONS DE PRESURE LYOPHILISEE. 


Rr, Maniere de Activite coagulante 


crt , 

fermer les 
flacons 

Initiale 

Apres 75 jours 

Apres 120 jours 

1. 

Habitue lie 

1 : 88.000 

1 ; 88.000 

1 s 80.000 

2. 

Sous vide 

1 ; 88.000 

1 s 88.000 

1 i 80.000 

3 * 

Dans 1 'at- 
mosphere de 
bioxyde de 
car bone 

1 s 88.000 

1 ; 88.000 

1 s 73.000 


II result’s du tableau 2 qu' apres une conservation 
de 75 jours, I'activite de coagulation s'est maintenue 
inchangee, tandis qu’ apres 120 jours la diminution de 
qualite peut etre consideree commc insensible. 
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Pourtant, pour 1 ’fecliantillon conserv4 d^s 
l*atmosphfere de 'biosyde ^de carbone les resultats sont 
moins satisfaisants apres 120 jours de conservation. 

A notre avis c'est une consequence des yapeips d'eau 
contenues dans le bioxyde de carbone utilise. 


Pour illustrer le d4veloppement du processus 
de lyophilisation, nous reproduisons dans la figure 
ci~ joints, pour la presure, la variation des temp4ratxires 
du produit, du plateau et du condenseur. 

le diagranune correspondant pour la pepsins a la 
me me allure . 


CONCLUSIONS 

* 

A la suite de la lyophilisation,^ I'activite 
coagulants de la pepsins et de la pre'sure rests inchangee, 

la resistance d la conservation a la longue, apres 
secbage, depend de la methods titilis^e p^our fermer 
Jes flacons. I’emballage sous vide confers axix produits 
etudies une stabilite suffisante durant la conservation, 
a la longue m§me aux temperatures d 'ambiance 
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Fig. 1. Variation des temperatures pendant le processus (presure). 
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The Application of Refrigeration for Prolonged Preservation of Blood 


Application du froid a la conservation prolongee du sang 


F.R. VINOGRAD-PINKEL, F.G. GINSBURG, L.I. FYODOROVA 

The Central Lenin Order Institute of Hematology and Blood Transfusion 

E.L. KAUKHCHESHVILI 

The Moscow Technological Institute of the Meat-Packing and Dairy 
Industry 

Moscow, U.S.S.R. 


SOMMAIRE. .La methode de conservation du sang a des temperatures in- 
ferieures a 0°C, entrainant la suppression presque complete du meta- 
bolisme des cellules a une grande importance du fait qu*elle permet 
de prolonger nettement la duree de conservation du sang. 

On a obtenu recemment d cet egard quelques resultats nets apres 
que ;l’ influence nocive de la congelation sur les oellules vivantes 
a ete decelee fondamentalement. . 

i Le probleme de^la conservation du sang a des . temperatures infe- 

rieures a 0°C. se rsout de deux fa 9 ons; 

a) la conservations du sang liguide de sous-refroidi (methode pratique- 
ment la plus seduisante) et b) la conservation du sang a I'etat^ 
solide (congele) pour permettre I’inhibition totale de I'actlvite 
des enzymes et une plus longue conservation du sang. 

On a mis au point une solution protectrice gour proteger les 
globules rouges de I’effet nocif des basses temperatures. Tous les 
elements de cette solution peuvent etre admis^poiir la transfusion. De 
cette faqon, la quantite totale du sang peut etre utilises pour la 
transfusion sans pertes contrairement a ce qui a lieu avec^la con- 
, servatlon du sang avec de la glycerine^ citee dans la litterature. 

Cette demiere methode implique une operation cotiipliquee pour 1' eli- 
mination de la glycerine du sang, ce qui provoque une perte de plasma 
considerable. 

I ^ ^La solution permet de conserver le^sang pegdant une longue duree 

a I’etat liguide, non congele, entre -8 et -10 C. , les globules 
rouges gardant toute leurvaleur et restant aptes a la transfusion 
pendant 100 jours. 

La meme solution protege les globules gouges centre ^la destruction 
quand le sang est congele entre -12° et -l6°C et conserve a des 
temperatures pendant une longue duree. 

On a^elabore des methodes de refroidissement, de congelation et 
de decongelation avec 1 'application de la solution ci-dessus. 
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The problems of prolonged preservation of blood are highly im- 
portant for practical medicine. 

The period (from to 40 days) during which bjood can now be 
preserved at reduced temperatures (i.e, from 4 to 5 C) does not meet 
the growing requirements of medicine. 

The method of preserving blood at sub-zero C; temperatures, re- 
sulting in a practically complete cessation of methabolism in the 
cells, is of great importance as it provides the possibility of con- 
siderably prolonging the preservation period. 

Efforts have been made in various countries for many years to 
obtain erythrocytes undamaged after freezing and thawing. Recently 
some definite results in this respect were attained as the general 
nature of the injurious effect of freezing has been disclosed. (1,2,5, 4,5,6) 

It has been proved that the deterioration of erythrocytes at 
sub-zero temperatures is caused by the simultaneous influence of two 
factors; the injury caused by ice crystals and the effect of concentrat' 
ed electrolyte solutions. 

Theoretically, the most perfect method for the preserving the 
integrity of the erythrocytes is freezing without crystallization, 
i.e. vitreous solidification. This can^be obtained by instantaneously 
cooling to very low temperatures (-195 C. ). 

At present the elaboration of such a method is being attempted. 
However, rather complicated equipment is needed for this type of work, 
and consequently the joint co-operation of specialists in various 
fields is required. For this reason the problem of preserving blood 
at more easily available low temperatures has been studied simultaneous- 
ly. 

THE APPLICATION OF MODERATE LOW TEMPERATURES. 

Investigations have armed at developing preserving solutions which 
would protect the erythrocytes from the injurious^ effect of crystalli- 
zation of intra- and extracellular water. 

The substances to be tested should fulfill the following require- 
ments:. 1^ lower the freezing point of the blood with the solution 
added; 2) retard the crystallization of water; 5) prevent the , 
growth of crystals and 4) hamper increasing concentrations of 
electrolytes. 

According to data available in the literature, glycerol meets 
all these requirements as it allows the preservation of blood up to 
12 months at -20°C. or -70°C. and still lower temperatures with only 
a small percentage of erythrocytes being destroyed. However, this 
method has not gained practical application due to the complicated 
procedure of removing the large amount of glycerol. 

Considering this disadvantage of the glycerol method the pro- 
tective action of some- non-electrolytes has been tested. These in- 
vestigations proved that the rate of the protective action depends 
upon the ability of the substance to penetrate into the erythrocytes. 

A colloidal suspension of carbohydrates in alcohol was developed. 
This solution contained a high concentration of glucose, and this and 
ethyl alcohol are substances characterised by a high rate of penetra- 
tion into the erythrocytes. In addition ethyl alcohol is known to low- 
er the freezing point. Another constituent of great importance in 
this solution is saccharose (or mannite) which has the property of 
reducing the water content of the cell. Particularly important are 
also colloidal substances such as polyglukin (a Soviet preparation of 
dextran)or albumin. 
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The joint action of the substances included in the above solution 
in preventing the formation of large ice crystals during the freezing 
of blood is almost analogous to the a.ction of the Mollison glycerol 
solution. 

This is proved by the X-ray analysis of the frozen blood struc- 
ture. The X-ray diffraction patterns (Figs. 1 and 2) illustrate in 
both blood samples only small crystals and zones Of unfrozen matter 
(halo). 

Blood, mixed with the solution mentioned above in a proportion of 
1:1 and cured for 24 hours at 4°C. for better action og its constituents 
can be preserved for a long time in a. cold room at -13 to -15°C. in a 
solid frozen state without any considerable destruction of the ery- 
throcytes. 

The blood should be thawed by a rapid transfer of the vessels 
holding it into a water bath at 30°C. 

Tests of a very large number of blood samples have shown that 
blood drawn from different donors varies with respect to the injurious 
effect of freezing and thawing. 

The blood proved to be stable in more than 70 % of the cases. Ob- 
servations have shown that in most cases nc hemolysis occurs after 
thawing blood which was stored foi’ 2-3 days in the frozen state. When 
the time at which blood is kept in the solid frozen state is further 
increased, there is an insignificant increase of hemolysis; e,g. thaw- 
ing after one month results in a loss of erythrocytes varying from 1 
to 3-5 In a number of cases the rate of hemolysis remains nearly 
constant insignificantly increasing during 75 days of storage at 
-13 to -15^C. These losses do not exceed those cited in the literature 
for the glycerol method. 

The morphology of the thawed erythrocytes does not differ markedly 
from that of untreated ones. Thawed erythrocytes are discoid, and 
thorn-like (Fig. 3) ‘^ue to the action of the preserving solution. 

The full physiological value of the restored erythrocytes is 
proved by the reversibility of their thorn- like shape into a discoid 
shape when transferred to fresh plasma. At the same time they stick 
together showing rouleaux formation. (Fig. 4), The addition of fresh 
plasma, represents to some extent an experimental model of transfusion. 

The functional value of the erythrocytes is proved by the fact 
that up to 85 fo of their glycolytic activity is preserved. 

Unlike the method of freezing blood with glycerol, the method 
described allows use of the blood for transfusion without any losses 
of the plasma as the substances contained in the solution may be used 
in intravenous injections.. 

It is highly important to note that blood prepared^according to 
this new method does not freeze and remains fluid aj -8^C. , i^g. at a 
temperature somewhat below its freezing point (-5 j 2 C. ). At -8 C. it 
may be stored without hemolysis on an average up to a hundred days. 
During this period the erythrocytes retain theii- thorn-like shape. 
Approximately 64 % of the glycolytic activity preserved even on , the 
120th day of storag*e. 
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The biological transference and therapeutic effectiveness of the 
blood stored both in the solid and the liquid state at the moderately 
low temperatures mentioned have been proved by means of experimental 
transfusions to animals and subsequently to patients. 

The practical importance of the methods discussed is quite ob- 
vious. A better preservation of bipod is achieved, and in addition 
tremsportation of it in winter is much simplified due to the fact 
that the danger of deteriorating the blood by freezing is eliminated 
and especially insulated containers are unnecessary. 

THE USE OF ULTRA -LOW TEMPERATURES (-195°C). 

The use of very low temperatures to achieve vitreous solidification 
of the blood has been attempted. The promising results obtained are 
given below. 

It is known that when water containing material freezes, the 
water. is crystallized, thus evolving the latent heat of solidification. 

It is also known that the size of the crystals depends upon the 
rate of freezing, and that quick-freezing produce$ smaller crystals. 
With a rate of temperature drop of 100°C. per second it is possible to 
obtain an amorphous structure, (the isotropic state), i.e. a complete 
absence of crystals. 

The vitrification of blood was attained some time ago in thin 
layers (smears on glass slides in foil packages) by submersion in 
liquid nitrogen. (7, 8). 

The present experiments have shown that the best way to obtain 
vitrification of large volumes of blood is to spray the blood into 
liquid nitrogen. This is in full agreement with data cited in the 
literature. (9). 

It is necessary to solve two problems when applying the vitrifi- 
cation method: 1) the preservation of integrity of the structure of 
the erythrocytes as well as their biological functions during the 
process of vitrification and devitrification and 2) the development 
of a method for prolonged preservation of blood in the vitrous state. 

Only the first of these problems is discussed in this paper. 
Protective solutions containing sugar, colloids and other substances 
which reinforce the membrane of the erythrocytes have been developed 
so. that blood can be obtained in the vitrous statd. Dispersion by 
means of spraying is one of the main stages in obtaining vitrified 
blood. 

The degree of dispersion is also important: the smaller the drop, 
the quicker the heat will be removed by the cooling medium. 

A detailed investigation of, a number of various nozzles enabled 
the design of a special nozzle which is the main constituent of our 
special spraying equipment (Fig. 5)» This pneumatic nozzle is made 
of plastic and its special feature is that it allows the blood to 
flow through peripheral holes while the gas (in this case nitrogen 
gas) passes through a central hole. Control of gaS pressure in the 
nozzle and above the blood surface is provided with sufficient 
precision by means of two pressure gauges and a system of valves. 
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Investigations of the' influence of the gas pressure (Fig. 6) 
have made it possible to determine the optimum value to 0.1 - 0.l6 atm^. 

Liquid nitrogen was chosen as a refrigerant due to its low 
temperature (-195”C, ) and comparative safety in handling. 

However, irrespective of the serious attention payed to the two 
highly important factors promoting vitrification (small size of the 
spray drops and low temperature), a certain insignificant part of the 
blood may undergo crystallization due to the low coefficient of heat 
transfer of the gas layer formed around the blood drop when it enters 
the liquid nitrogen. 

The determination of the structure of the solidified blood 
corpuscles sprayed into liquid nitrogen, i.e; the corroboration of 
the state of vitrification is of considerable interest. 

A direct investigation of the structure of the blood powder in 
liquid nitrogen is quite difficult. The possibility of applying X-ray 
examinations of the structure is strongly impeded by the low 
temperature of the object. 

Consequently a simple method for determining the structure of 
the solidified blood, has been developed. This method is based on the 
investigation of the thermal and material balance of the process. 

We proceeded from the assumption that the amount of heat. to be 
removed during freezing of any material containing moisture (in this 
case blood) is determined according to the well-known equation (10); 

® [^1 ^^1 " ^ 2 ^ '^ w .^ ^2 ^^2 ■ ^ 5 ! 

where: G = weight of blood sample, kg; 

= specific heat capacity of non- frozen blood, kcal/kg°C; 

Cg = specific heat capacity of frozen blood, kcal/kg°C; 
t^ * initial temperature of blood> °C; 
tg = freezing point of blood, °C; 
t^ = final temperature of frozen blood, ^C; 

W^ = weight of ice in 1 kg of frozen blood, kg/kg; 

R = latent heat of water freezing, kcal/kg. 


We can now, as a first approximation for determining the amount 
of heat to be removed during vitrification of blood, use the follow- 
ing equation: 

= G • C (tj^ - tg) (2) 

where G = weight of the blood sample, in kgs; 

C = mean integral heat capacity 0f the liquid and vitrified 
blood (approximate); kcal/kg^C. ; 

t^ * initial temperature, °C. ; 

tg a final temperature, °C. ; 
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We are discussing a case in which no crystallization occurs. 

Thus the necessity of removing the latent heat of solidification of 
water is eliminated. This is the main distinction of vitrification 
from normal freezing with crystallization. 

It is evident from a comparison of equations (1) and (2) that 
the amount of heat to be removed at vitrification is less than in 
the case of freezing. Hence, by comparing the heat removed when 
spraying the blood with that removed at an ordinary freezing of the 
same amount of blood in liquid nitrogen, it is possible to obtain 
an approximate estimation of the structure of the solidified sprayed 
blood. 

Aliquots of blood were frozen by submersion in liquid nitrogen 
and sprayed for vitrification in the same medium: 

A Dewar flask with liquid nitrogen put on a balance made it 
possible to determine with sufficient precision the heat removed 
in each case expressed as the amount of nitrogen evaporated during 
the experiment. 

For example, approximately 2.6 g of nitrogen was evaporated in 
freezing 1 ml of bloodj while in spraying 1 ml of blood, approximatelj* 
1,6 g of nitrogen was evaporated. The. average experimental and cal- 
culated amounts of heat removed are tabulated below. 

TABLE 1. HEAT REMOVED AT VARIOUS CONDITIONS OF BLOOD SOLIDIFICATION. 

Symbol Condition Heat removed (cal per ml) 

Calculated : Experimental"^’ 

152 122 
92 75.2 

1.65 1.62 


It should be noted that the actual values obtained are of no special 
importance. They are approximate, only due to the fact that a number 
of physical data are lacking. Of significance, however, is a compari- 
son of the calculated and experimental values of the ratio: 

^v Qf 

If we obtained, for example, = 1 , it would be possible to 

consider that Q^= , i.e. there would be no vitrification. On the 

other hand if it were found to be =1.65» which is the theoretically 
calculated value, it would mean that the entire blood volume was 
vitrified. 

From this the assumption may be made that the difference 1,65 - 
1 = 0.65 corresponds to a hundred per cent vitrification of the blood 

A comparison of the experimental^Value of this difference with 
the theoretically calculated value would determine the percentage of 
blood vitrified in each experiment, 

+ ) ■ Experimental 

values are marked 
with a cross (+). 



At freezing 
At vitrification 
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For the case cited above (see Table) 

- 95 ^- 

It has been established that in our experiments on the average 
up to 95^ of the blood was vitrified. 

In order to obtain undamaged blood from the -195°C. "blood 
powder" it is necessary to provide complete reversibility of vitri- 
fication, i.e. to perform devitrification without the formation of 
ice crystals. 

This was carried out by a rapid transfer and submersion of the 
blood powder into a vessel containing a preserving solution of the 
type mentioned earlier (physiological solution, plasma, 10% saccharose, 
etc.). This solution is preheated to 40-50°C. depending upon the 
composition of the medium applied. 

The quantity of erythrocytes remaining intact after devitrifi- 
cation amounted to 85 - 90^* 

The utilization of the described experimental calculation method 
of determining the degree of blood vitrification allows establishing 
at which of the two stages (spraying into nitrogen or devitrification) 
the damage of the blood corpuscles occurs and thus taking measures 
for preventing the resulting losses of blood. 

The results obtained so far indicate that the major damage occurs 
during the devitrification process. An improvement in the technique 
of applying ultra-low temperatures, and especially, in the method of 
thawing blood should reduce the losses of blood to a minimum. 

CONCLUSIONS. 

1. To achieve prolonged preservation of blood in a state full 
physiological value, methods have been developed which permit the 
storage of blood at sub-zero temperatures. The investigations have 
been carried out along two lines: 

a.) the use of moderate low temperatures (down to -15°C. )j 

b) the use of ultra-low temperatures (-195 °C. ) - vitrification. 

2. A preserving solution has been developed to protect the ery- 
throcytes from the injurious effect of low temperatures. 

All the components of the solution are admissible for intra- 
venous injection. Thus, the entire amount of blood may be used for 
transfusion ivithout any losses which is different from the glycerol 
method cited in the literature. 

3. The. solution allows the storage of blood for long periods in 
a fluid non- frozen state at -8 to -10 C. The erythrocytes remain 
morphologically unaltered and the blood is fit for transfusion during 
a period of a hundred days. 

The same solution protects the erythrocytes from destruction 
when the blood is frozen at -12 to -15°C. and stored at these 
temperatures, 

4. X-ray diffraction patterns of the frozen blood have shown 
that the preserving solution prevents the formation of large ice 
crystals, which explains its protective action. 
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5. A spraying device providing sufficient fihe dispersion 
atomization and a minimum injure of blood being sprayed into liquid 
nitrogen has been developed for obtaining blood in the vitrous state 

(at -195 C.). 

6. A method is described for indirect determination of the struc- 
ture of the solidified blood sprayed in liquid nitrogen. It has been 
proved that there is a sufficiently complete vitrification of the 
blood (95^) if it is cooled instantaneously. 

7. The results obtained are promising enough to justify the 
development of a special device designed to provide sterility of the 
blood, during all the stages of treatment, for clinical applications. 
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of Dams 


Recherches sur la conducfibilite tbermique ;(3ans les 
barrages refroidis par -se;rp'entins, _ j-; 

A.G. TKACHEV, G.N. DANILOVA ' '' ' " ^ ■" 

The Leningrad' Technological Ihstifufe of fhe Refrigerating 

■ Industry,' Leningrad, U.S.S.R. 

SOMMAIRE. On 'discute . de,s, irSsultats ..de. recherches. .^entreprises 
sur le ref roidissenient du b^'t'oh de grands barrages ^ I'aide de 
serpentins. ' ' ■ ■ ^ ' 

' . La' conducti'bilitfe therrai:q;ue .au sein' d'un .massif de bfeton, 
avec ou sans source de chaleur interne, a fait I'objel de re- 
cherches thioriques et experimentales . Les essais eurent lieu 
en laboratoire sur des blocs prism.atiques de ^00 mm de cot^ ou 
cylindrlques de. i360 mm- ^et 5-4'5, m^ d.'e ddam6tre.'-Chaque bloc 4tait 
refroidi par une circulation d ' eau A travers deS tubes de 6 ou 
10 mm places au centre de 1' eprouvettev -Pendant .’toute :1a dur'fee 
de 1 ' exp&rience , 1 ' eau de refroidissement entrait a temperature 
constante. Les essais cohduis.trend.'^' desLf ormuleS appr 
reliant la temperature moyenne du bloc de beton & un certain 
nombre ■ de- pararaetre'S>5'‘ temperature; racyenne de- 1' eau ■ temperature 
initiate, caracteristiques thermiqueSj 'Source de -chaleur, 
dimensions des blocs de beton et des, Ganalisationsde, refroidis- 
sement, duree de I'essai. 

L' experience acquise en matiere de refroidissement de 
barrages m'Cntr-e que' ;l-';evacuati'on de 'ia ehale'ur- ' du beton par 
1 ' eau de refroidissement commence, soit ausaitot -apres la pose 
du reseau de circulation d'eau soit quelque temps apres 
(l mois a 1 mois l/2). 1' analyse des diff erent-SYprq.ced'^s ..d,e 
refrigeration, en fonction des resultats obtenus, montre la 
superiorite de la premiere solution. Ians ce cas, la temperature 
maxima du beton consecutive aux reactions exothermiques' qui s'y 
■developpedt ,-■- est 'plus basse' et T-a: duree -du ref roldisaement ■' un - 
peu plus brevei.i '-' • ‘ ' -i' 


The; -‘following nomenGlature' is used in -'the ■paper: 
a ',- .thermal daffusivity., ,m;^/hr , ,-.,.4 
c. '- :-apecific 'heabj-' kcal/kg ':°Cq:- ;' -''-'-L ' ■‘■■' 
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Jo,Ji Bessel, ^s,. func;ti■on 5 :..:ofJt'he';:!first;^ of zero and 

first orders; 

k= — - ratio of external and internal radiuses; 

1 - distance betvveen. pipes in .block in vertical 

direction, m‘(i'ig. l); " ' ’ ' 

qy - exothermal heat , • kcal/m.j? . hr ;, 

rg - internal radius of pipe , ..m. (Fig. 2) ; . 

R - external radius of cylindrical block, m (Fig. 2); 

r. - radius of point being considered, m (Fig. 2); 

,tf. - temperature of cooling, medium,'' ; 

tj_ - initial temperature of concrete, °C; . . 

t - temperature, of concrete at point being considered, °C; 
■ u. ' - over, temperature,,. ^Cy,,. 

Vo(^’- xi)' = J (^ » Xi)*Yg(xj_)-J(xi)Yo(^ » Xi). (1) 

•^0 ■ ■^•0 • ■ ' ' ■ 0 . ; ^ r 

Xj_ - roots of transcendental equation 

Jo(x^)Y2^(kxi)-Jq(kxi)Yo(xi) = 0 ■. . • i . . wy,.. ■ (2) 

Yg,Y 2 - Besssl's ftimctionsr^of the second class of zero and 
first orders.; y: . . .^ t ...i. , 

^ - specific weight, kg/m^; 

^ - relative .temperature; 

X thermal conductivity of ■material, kcal/ra °C, hr; 

T -. time, hr.; 

' 3, ^ t ■ . ■ • ■ . . 

Fo=— ^ - Fourier's number;, . 

...... 0 . . .... . ' . 

■ q r2 . _ . . ... 

^I'TTt'! — 1~ dimensionless number characteristic of the relation 
A between the internal heat generation and the thermal 
conductivity of the cylinder. 

Refrigeration of concrete is used in the construction 
of high dams in order to avoid cracking at the evolution of 
exothermal heat and subsequent cooling. The problem is solved 
either by cooling the components of; the concrete prior to and 
during its preparation, or by cooling the concrete masonry by 
means of built-in pipes. Works published on piping refrigera- 
tion of concrete present some theoretical and experimental 
data (1,2, 3, 4). 
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THEORETICAL SOLUTION OF THE .'PROBLEM OF PIPING REFRIGERATION 
OF CONCRETE MASONRY 

A schematic diagram of a concrete construction; with 
built-in cooling water pipes is shown in Fig. 1. The pipes 
and surrounding mass of concrete remote from t;he' surface are 
under more difficult conditi.ons than that, part at the surface. 
Therefore., th.e first case' will be discussed in the present 
paper. The entire bulk of the concrete may be considered as 
being composed of elements comprising a concrete block in the 
form of a rectangular or hexahedron prism- and a cooling pipe 
passing through its centre (Fig. la and lb). 

■ The deteimination of. the temperature field in the 
concrete may be reduced with certain approximation to., the, 
definition of the distribution of temperatures in a 'single 
hollow cylinder of; infinite length with an adiabatic external 
surface and the heat removed through:' the internal surface. 

The radius R-bf the cylinder under consideration is found from 
the condition of equality of' the cross-section, of the prism 
and cylinder. 

It was also assumed that the temperature t^ at the 
exter.nal surface of the pipe was equal to the mean temperature 
t^' of the codling water in the pipe and was constant in time. 
This allowance is possible due to the fact that wi'bh ''1" and 
2" dia. pipes being used--at present-, 1 = 1,5 -■ 3-:m and the 
water flow having a speed of 0.6 to 1 m/sec, the thermal 
resistance of the heat transfer to the water and of the pipe 
■walls amounts to 1 - 2 % of the thermal resiSfande of the con- 
crete. The internal beat generated by the ' concrete' (exot'hermal 
heat) is assumed to be constant .'in time. ■; 

Under these assumptions , the differ'entia'l'.. equation and 
the boundary conditions, characterizing the process of beat 
diffusion (in the cylinder', is as -f’ollows 

...'at -''- ; ri< r;S^'''R ; . ';■ 

0 ■ ■■ : ■•• . 

ki _ o fklj. , i ki ) ^v 

b?' ~ r^ r 4r cy I 

<•> 
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The boundary conditions 


at r> 0 

at T> 0 
at r = . 0 


b t 


r = R . ^.,:0 

or ■ 


0 ■ 


0 


II 


t. = t . for r < r-< R 
1 0^ 


When no exothermal heat is evolved, the differential' 
eq^uation characterizing the cooling process is simplified 


(r^^" r:$ R) : 


■ ^ 
hr 




,1 St\ 

" r ' 


. . . HI 


with' the . boundary conditions remaining in the form of 
system: II. ■ The:.':See.ond problem was solved first. ’( equations III 
and II).. -i,- y : :■■■?: 

The solution cbtai.ned'vhas t;h.e, form:';, 

..o« 


U = t - :b^= ^ 


vr' ' pi- -t \i.T.?>kx=. P -Fox^ 

0 


} ■ o'r ’’I 

O X 1 . . 1 


( 3 ) 


■ At sufficiently large valuee of Fo the mean value of the 
relative over temperature throughout .the volume required for 
O.alculq ting the heat losses is. determined according to thp 
formula:. _ 


- t-t 

0 = tvf- = 


4 


J.f (lex-,)' ■ 


Ci-t^ - 


-Foxf 




(4) 


The solution of equation. ^’I) at the. boundary conditions 
(II) has the form 


t = 


>' "I „ .i 

2k. T 


4X 


( r^-r^.l t:-t- 


. 0 ' 


oo 




Jp (kx> ) 


r 




1, 1 o' o:r^±' 
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At sufficiently large values of Fo and k , we obtain 
the following expression of the mean relative^ temperature,: 



K. 




k2,|(ln k-; 







( 6 ) 


' Formula (6) at K^= 0 results in the expression (4). 

An examination of the solutions obtained indicates that 
when exotherm al heat is present 0 = f(Fo, K^., k) 3-rd ir the 
absence of such heat 0 = f(Fo, k). 


expMimental Investigation of piping refrigeration ..of concrete 

BY WATER AT AN EVOLUTION OF EXOTHERMAL HEAT 

A special experimental installation has.b.een designed for 
checking the theoretical formulae allowing investigation of 
the process of non-stationary thermal conductivity of a concrete 
block refrigerated by means of water circulated through a pipe 
embedded in fhe hlbck. The experiments were carried out on 
models of cylindrical and prismatic cross-section. 

The experimental installation (Fig. 3) consisted of a 
'condensing unit 1, and evaporator 2, centrifugal pumps 3 and 5, 
a thermostat 4, a concrete block 11 with a pipe 10 run along 
the axis of the block, and a differential gauge 12. 

The following devices were installed for :maintaining the 
-i'Otemperature of thS water in the- thermostat'- constant at the 
required level: "ah agitator 6 electric heater ''8, cooling 
coil 9 and contact thermometer 1 » ■ - ' ' 

After the concrete has been timbered, the concrete block 
was insulated by a 300 mm thick layer of Iporka. 

■ The- j-^ekperiment was carried out -as 'folI'Ows;' ' 

First of all the initial temperature of the concrete "was 
measured' by means of thermocouples. Then the ‘centhifugal pump 
was started and 5° C, water was run from the thermostat through 
the cooling pipe; the time of the beginning of the experiment 
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was recorded. Thereafter in definite time intervals Xmore.:, of ten 
at the beginning of the experiment)' measurements were made of 
the temperatures in the central section of the sample,- og the 
water on entering and leaving! the' pipe and ' corresponding 
time of the measurements was recorded. Besides, the ambient 
^ air temperature was periodically mpb-sured as well as the tem- 
perature on the surface of the insulation. The experiments 
were, run until the temperature difference between the, mean 
, temperature in the pipe and the concrete 'block, surface tempe- 
, rature re,ached . 4 t.o., C. . The average d,uration of ; an,, ex;p.eriment 
was about, 3 days. 

The results of the experiments were treated in the form 
of , a dependence of the mean ,.relatlye temperature and the Fourier 
number Fo at various conctant values, of the dimensionless , 
number K^. 

Fig. 4 illustrates a comparison of, the results, of one of 
the experiments on cooling concrete with the data of the,,,,.; 
theoretical curve. At the beginning of the process, when the 
temperature in the block was close to the .ambient temperature , 

there was a good coincidence of the experimental and theoretical 
data. 

With the drop of the temperature . of the .concrete ,. due to 
the inflow of external heat, the cooling rate in the experiment 
gets slower, 

. CONCLUSION . 

' The theoretical solutions obtained may be used' for calcu- 
lating the pro, cesses of; piping refrigeration of concrete in’ 
designing various dams. 
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F/g. 1. Schematics of problem. 


Fig. 2. Cylinder being cooled. 
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Fig. 3. Diagram of installation for investigating piping refrigeration of concrete by water. 





mm 


Fig. 4. Mean relative temperature of concrete block during refrigeration with an evolution 
of exothermal heat. UJ - experimental cooling from 21.0® C. to 93° C. at qv = 31-6 kcal/ 
m'^hr and K = 54.5 — theoretical curve. 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 




V 


6c-20 



\ 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Preservation of Haematopoietic Tissues for the Therapy of 

Radiation Disease, 


Conservation des tissus hdmatopoidtiques pour le 
traitement des maladies dlies aux radiations 

ALENA LENGEROVA 

Department of Experimental Biology and Genetics, 
Biological Institute of the Czechoslovak Academy of 
Sciences, Prague, Czechoslovakia 

SOMMAIRE. La possibilitd de la conservation A long terme de tissus 
viables est un facteur important du traitement des maladies dtles 
aiox radiations. La possibility d 'application pratique des rdsultats 
exp^rimentaux couronnys de succAs pour le traitement par moelle 
osseuse ddpend principalement de deux conditions: 1, la possibility 
d'utiliser des tissus hymatopoidtiques homoloqUes sans retard nocifs 
(par example du tissu homoloque dont I'efficacity therapeutique 
serait semblable A celle d'lnie substance isologue dont on ne dis- 
poserait que dans des conditions expdrimentales ) , et 2, la possi- 
bility d'une conservation A long terme de cette substance A I'dtat 
viable pour en disposer toutes les fois oh c'est ndcessaire 
(accidents imprdvus lA oh des etres hvimains sont exposds A des 
doses mortelles de radiations ionisantes). 

La premiAre de ces conditions est remplie lorsqu'on utilise 
un tissu embryonnaire homologue, dont 1' application permet d'dviter 
les effets lents ddfavorables du traitement par moelle osseuse 
homologue d'adulte. La seconds condition semble remplie grAce A la 
rndthode de conservation des tissus A la tempdrature de CO 2 solide, 
en utilisant 1' action protectrice du glycdrOl. Des expdriences sont 
en cours pour apprdcier les diffdrentes conditions de congdlation 
et ddcongdlation agissant sur I'efficacitd thdrapeutique de cellules 
hdpatiques embryonnaires de souris injectdes dans des souris d'une 
autre espAce ayant subi des doses mortelles d ' irradiation. 


The death of a lethally irradiated organism may be prevented 
by a single injection of bone marrow cells taken from a nonirradiated 
donor and administered shortly after exposure. At present, this 
procedure is the only effective way of treating radiation disease 
accessible not only under laboratory conditions, but also in the 
case of human emergency. From the practical point of view, two 
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important conditions need to te idled; 1) the possibility of 
using h om ologous material, the eff ectiA-eness of which would be 
comparable with effectiveness of isologous material available only 
in experiments on inbred animals; 2) the possibility of long-term 
storage of suitable material in a viab]-e state, available, whenever 
necessary. 

There is a great deal of experimental evidence that the 
therapeutic effect displayed by the nonirradiated blood-forming 
cells in the irradiated recipient is based on their multiplication 
and their replacing the host haematopoietic tissues destroyed by 
radiation, in other words on the transplantation mechanism. By the 
homo- or heterotransplantation of haematopoietic cells from adult 
donors, however, a secondary disease develops; this is due to the 
simultaneously grafted immunological competent cells of the donor 
reacting against the recipient of a different genetic constitution. 
This secondary disease, which can be fatal, may be eliminated by 
using homologous haematopoietic tissue (e.g. liver) from e mbryonic 
donors. Under these conditions, the problem of long-term preserva- 
tion of viable embryonic blood-forming cells seems to be even more 
important than the preservation of adult bone marrow', since the 
latter could most probably be obtained in a fresh state from 
volvinteer donors in an emergency. The method most suitable for this 
purpose seems to be preservation at low temperatures using the 
protective effect of glycerol as discovered by Polge et al. (l). 
With regard to this problem the suitability of various freezing 
methods, effective for other tissues needs to be investigated. 

This paper is confined to several technical details of freezing and 
thawing as well as testing the viability of haematopoietic mouse 
tissue subjected to these procedures. 

Apparatus . The apparatus used for freezing was constructed 
on the principle of Polge and Lovelock (2), but supplemented by 
the regulation of the freezing rate. Barnes and Loutit ( 5 ) using 
the same principle did not with their apparatus obtain the exact 
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physical characteristics required. They found it necessary to 
balance the freezing rate by a heating coil. In the experiments 
presented here another modification was used (Pig.l) . The freezing 
bath is placed into a 2000 ml. Dewar flask filled with methanol 
which is cooled in advance to -70°C. This temperature is kept 
constant by means of a ribbed duralumin vessel filled with solid 
CO 2 , which is inserted into the wood alcohol. The advantage of this 
arrangement is that during the experiment the level of the freezing 
bath does not change due to evaporation of CO 2 as when solid CO 2 
is mixed directly with the alcohol. This is important with regard 
to the principle of . regulation used in this apparatus. The test- 
tube with the sample is placed into a wire holder, the stem of 
which Contains one connection of the thermocouple (Constantan — Cu) . 
The other connection is kept under constant temperature at 20OC. 

The rate of temperature fall measiired at the surface of the frozen 
sample is carefully followed with a stop watch and galvanometer 
and regulated at will, simply by raising dr lowering the duralumin 
vessel in the freezing bath. The duraliamin vessel contains the 
specimen immersed in glycerol. This simple arrangement was found to 
work quite satisfactorily. The basic scheme of freezing rate used 
was that of Barnes and Lout it (1° per minute down to -15°C and then 
not more than 10° per minute). In addition the effect of some 
variations was tested. When the temperature reached — 70°C, the sample 
was quickly transferred to a refrigerator for prolonged storage in 
solid CO 2 . 

The preparation of specimens . Mice used in the present experi- 
ments were derived from a random bred strain H. Embryonic liver 
(from 18-19-day 'old embryoes) or adult spleen was excised under 
sterile conditions and minced into small fragments. One volume of 
the tissue was mixed with 10 volmes of 15 ?^ glycerol in homologous 
serum. The mixture was incubated from 5 mimites to 2 hours at 4°C 
and then frozen according to the scheme being tested. To render 
frozen material ready for use the specimen was thawed rapidly in a 
water-bath at 41°C, the tissue transferred into a glass homogenizer 
and a suspension of the desired cell concentration was prepared for 
intravenous injection. In some experiments glycerol was removed 
according to the Sloviter method (4) in the modification of 
Perrebee et al. (5)* 
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Testing the viability of frozen cells . The effectiveness of 
healthy haematopoietic cells to prevent death in a lethally irra- 
diated recipient depends on their proliferation and repopulation of 
marrow spaces destroyed by radiation. Since it is expensive and 
time consuming to test the viability of frozen haematopoietic cells 
directly by theif therapeutic effectiveness in irradiated animals, 
the possibilities of. an indirect test, the re suite of Which would be 
comparable with those obtained by the direct method, were studied. 
Expej:imehts Were Carried out with different types of in vitro 
cultivation of mide embryonid liver cells without satisfactory 
fes\iltSi Rey (6) found that cultures of frozen fibroblasts grew 
oust as well as untreated controls. In contrast to this the growth 
of frozen embryonic liver cells in our experiments started with a 
considerable delay and displayed various abnormalities. This agfees 
rather well with the findings of Ferrebee et al. (5) that freezing 
of mouse marrow cells resvilts in considerable loss of these cells ’ 
ability to synthesize DNA vitro in spite of the fact that their 
ability to proliferate in vivo is retained. The freezing and thawing 
procedure thus seems to represent a certain damage for the mouse 
haematopoietic cells, which may be reversible only under in vivo 
conditions. The results of another in vivo test presented here fit 
in well with this hypothesis. Its principle is based on the ability 
of viable adult spleen cells to induce a significant spleen enlarge- 
ment if injected into a newborn recipient of a different genetic 
constitution. Simonsen (7) demonstrated that this enlargement of 
the host spleen is due to its colonization by donor cells stimxilated 
to multiplication and antibody formation by antigens of the newborn 
recipient. The splenomegaly index, therefore, gives a good picture 
of the reproductive capacity of the cells injected. As such it 
could be a suitable indicator of whether the freezing and thawing 
procedure or occasional changes in temperature during storage (to 
which the spleen cells were submitted simultaneously with the liver 
cells for radiation disease therapy) did not harm their proliferative 
capacity on which both the effects of splenomegaly and radiation 
disease therapy are based. Homologous spleen cell suspensions to be 
tested were injected intraperitoneally into newborn recipients 
(0.1 ml. per mouse) which were killed ten days later. The relative 
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enlargement of their spleen, as compared with that of the saline 
injected controls of the same age, was expressed as the splenomegaly 
index. This testing-system proved to he suitable; some of the re- 
s\ilts are presented in Table 1; 

The spleen enlargement ' induced by spleen cells frozen to -79°C 
with 15?^ glycerol compares well with the effect of fresh ceils. The 
only difference between groups 3 and 4 was a different incubation 
time with glycerol before freezing (5 minutes and 2 hours respective- 
ly) . There is no statistically significant difference between the 
splenomegaly index in the two groups in spite of a considerable 
difference found when the vital staining test with eosin was applied 
to the injected spleen cells. From approximately 2000 cells counted 
in each of the groups 3 and 4, 995^ and 9^ of the cells, respectively, 
were viable according to this test. The discrepancy between the 
resTolts obtained by these two different tests may yield alternative 
explanations. Firstly, the sensitivity of glycerolized cells (re- 
gardless of whether fresh or frozen) to osmotic damage may be dif- 
ferent under in vivo and vitro conditions. An alternative ex- 
planation may be that even the lower amount of viable spleen cells 
injected in group 4 (order 10^) is sufficient to induce a similar 
degree of splenomegaly as that produced by the suspension in group 
5 containing lO'^ of viable cells per mouse. This explanation is in 
agreement with the relationship between the degree of splenomegaly 
and the amount of fresh spleen cells injected (Fig. 2). From this 
curve it may be seen that if a certain threshold amount of cells is 
reached, the degree of splenomegaly remains constant in certain 
limits of increasing spleen cell concentration. The fact that a 
similar situation exists with regard to the effectiveness of embry- 
onic liver cells in inducing survival of lethally irradiated reci- 
pients, justifies the use of the test described. 

Conclusions . On the basis of the experiments carried out the 
following conclusions may be drawn: The storage of mouse embryonic 
liver cells frozen with 15% glycerol in homologous serum preserves 
their full ability to induce recovery in lethally irradiated mice. 

The time of storage does not seem to play a decisive role. The 
damage is apparently connected in the first instance with the freez- 
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ing, thawing and glycerolization procedures. A lower freezing rate 
(less than 1° per minute) down to -15°C does not seem to influence 
the effectiveness of the frozen cells, whereas more rapid freezing 
in this range may result in considerable cell damage. The glycerol 
concentration may vary within relatively wide limits (5 - 20?5) 
without considerable effect on the viability of the frozen cells. 

The prolongation of incubation with glycerol affects the cell 
viability favourably as judged by vital staining. The ability of 
adixlt spleen cells to induce splenomegaly in newborn mice was found 
to be a good test of different modifications of the freezing and 
thawing scheme and of their effect on the reproductive capacity of 
the cells from haematopoietic tissues; freezing procedures retaining 
the ability of adult mouse spleen cells to induce splenomegaly in 
newborn hosts, would apparently also be suitable for retaining the 
therapeutic effectiveness of embryonic liver cells in preventing 
death in lethally irradiated recipients. 
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j/elocitv of Sound at Different Temperatures in H, 


and CO, 


». Vitesse du son differentes temperatures dans 

N^, air, 0^ et CO^ 

vKin5 hovi 

Wihuri Physical Laboratory, University of Turku, Turku, 

Finland 

S0MI1AIRE„ Un appareil pour des mesures prScises de la 
vitesse du^son dans des gaz riels a ete construit* Get appareil 
fut calibre en employant comne gaz -standard de I’air sec I des 
conditions connues, XI fut trouve (^ue la correspondance entre 
les valeurs standard anterieures et les donnees actuelles est 
trSs bonneo Il^fut aussi possible de mesurer la vitesse du son 
dans des gaa I'lels au moyen de cet appareil avec une precision 
de + 0,1 

La vitesse du son dans de I’H , N , air, 0 et CO fut 
mesurea a de differentes temperatures entre + 19^0 C et »69° C 
pour des frequences allant de 1000 k 3000 cycles. La correspon- 
dan.ce entre les valeurs obtenues et mesurees prlalablement par ■ 
des, methodes electroniques modernes fut quantitative. Presque 
dans tous les cas une legere augmentation de la vitesse du son 
pour des.^ frequences croissantes fut trouvee. Cette dispersion 
de la frequence etait pourtant beaucoup plus petite que pour 
les hautes I’requenceso 

Les valeurs determinees sont un supplement pour les valeurs 
ulterieureso , L' usage possible des nouvelles donnees pour la 
determination empirique de second coefficient de viriel, E„ 
est discute. 


INTRODUCTION 

During the last ten years only a few measurements of the 
velocity of sound in oo<23r.ir.Si real gases have been carried out at 
different temperatures by means of modern electronic techniques 
at the frequency region of 730 - 3000 c/s /"l, 2, 3j7. Even 
though the accuracy of the data appearing in these publications 
is extremely high, the number of values is too small for any 
systematic investigation of the velocity of sound in a real gas 
as a function of temperature and frequency. In order to supplement 
the experimehtal data found in the available literature, the 
velocity of sound was measured accurately in N_, Air, 0 
and CO^ at different temperatures and frequencies.^ The objlct 
was also to obtain a larger experimental basis for the verifica- 
tion of the theoretical values which can be calculated from the 
quantum mechanical expressions of the second virial coefficient. 
Since the quantum effects do not occur at high temperatures, the 
contribution to the second virial coefficient arising, from the 
interactions between the gas particles should be dominant. 
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Analysis, Experimental Method and Results 

The velocity of sound in a gas, c, can be represented by 


the formula 


( 1 ) 


c =’ 


Xc, 


where R is the gas constant, M the molecular weight, T the 
absolute temperature, and 
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B and C stand for the second and third virial coefficient, respec- 
tively. 

These ecmations differ slightly from those represented by 
Hardy et easily see from our equations the 

dependence of the quantities <P AJ- , and X virial coeffi- 

cients and their derivatives. By substituting expressions (2) 
into (l) it is possible to represent the velocity of sound, c, 
as a function of the virial coefficients and their derivatives. 

The experimental arrangement is given in Fig. 1. The method 
is tbe common tube method* By using the calibrated Muirhead Wigan 
Decade Oscillator, the maximum error of the frequency was less 
than + 0.2 5^ at all frequencies* 

'’in order to control the temperature of the gas inside the 
tube A, three copper- constantan thermocouples were installed on 
the tube, at both ends and the middle point. Thus, it was gossible 
to measure the temperature in A with an accuracy of + 0,02 . 

For the constancy of the temperature inside the tube A, 
a larger brass tube (diameter 10 centimeters) M was installed 
coaxially with the tube A, Around the tube A a long brass plate 
was soldered for the guidance of the circulating cooled alcohol - 
This alcohol was cooled by ice or solid carbon dioxide and cir- 
culated around A by the pumping system N, 

Usually dried air under standard conditions is accepted 
as the reference gas in measurements of the velocity of sound. 

In fact, this gas has been investigated thoroughly near room 
temperature. After the temperature in the gas tube and its 
surroundings had reached a constant value, the sound waves were 
sent from the oscillator to the gas. When the microphone was 
moved, the knotpoints of the standing waves in the gas were 
observed accurately as the maxima of the curves on the screen 
of the oscilloscope. In this way it was possible to read the 
points corresponding to the maxima within 0.5 millimeters on 
the scale F, As can be seen from Fig. 3, at the frequency range 
of 1000 - 2000 cycles our results for air are in excellent 
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agreement with the standard datao Outside this range 5 however, 
the d3,sturbances were higher, and no good agreement, was obtainable. 
This is caused, in the first place, by the geometry of the tube A 
and by some new resonance effects connected with the tube material. 
Therefore in Table 1 and Fig. 2^ and 4 we have collected from 
quite large experimental material only that which was measured at 
tne frequency range of 1000 - 3000 cycles. In all our measurements 
the pressure of the gas to be investigated was very near one 
atmosphere. 

If we examine the results appearing in Table 1 and Fig. 2, 

3-j and 4, we can draw the following conclusions: 

1. The values obtained for the velocity of sound in air in 
the present investigation are in good agreement with the best 
previous data. Apart from hydrogen, the agreement between ours and 
others values with regard to nitrogen, oxygen., and carbon dioxide 
is also good. For a comparison in more detail the lack of 
sufficient previous modern data will., however, cause difficulties. 
Nevertheless.; we believe, that our values can offer a considerable 
supplement to the experimental material dealing with the velocity 
of sound in the gases just mentionedo The greater dispersion 
found for is probably caused by the three following, factors: 
F.irst^ it was very difficult to prevent this gas diffusing slowly 
out of the tube during measurements^. Thus, the points in Fig. 2 
corresponding to the frequency of 3000 cycles are less reliable 
because of small air impurities « Secondly, common hydrogen is a 
mixture of ortho- and parahydrogen. It is known, that the ortho- 
para composition varies considerably as a function of temperature. 

At lov/er temperatures the relative amount of parahydrogen will 
increase o Therefore, hydrogen gas cooled to the temperature of 
67r5 C will contain more parahydrogen than at higher tempera- 
tures o Thirdly, the dimensions of our tube were not suitable for 
light hydrogen as for heavier gases c 

2o A slight increase in the velocity of sound with increasing 
frequency can be found almost in all cases. This is riH af/i? cement 
with the data observed previously for air in a few points and 
0 at +1 ,j 9^C (cp Fig. 3) -^ It is interesting that at lower fre- 
quencies also one can verify an effect of that kind. Usually 
the frequency dispersion has been found at higher frequencies., 

3u In order to clear up the accuracy of our measurements, 
the mean error of one observation (that is the errox* of the 
difference between the maximum of amplitude) and the same quantity 
of the mean value were calculated for 0^ and air at room tempera- 
ture and the frequency of 2000 cycleso For both these gases the 
mean error of one observation turned out to be less than % 
while the mean error of the mean value was smaller than 0.05 
Furthermore y after having compared cur results with the standard 
data of air we can state that i t is possible to measu re the 
velocit y of sound in real g ases by means of our apparatu s with 
an a ccurac y o f ab out 0.1 C / This means' that the variatioTis of * 
temperature in the gas can be observed clearly if they are 
larger than ^ Oo75 

The oxygen used for our measurements containfifj impurities 
of about 0.3 %* On the other hand, the nitrogen, carbon dioxide, 
and hydrogen were practically free of impurities. 
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By using equations (1) and (2) eind neglecting the third 
virial coefficient and all the derivatives except ^ B ,it may 

be possible to calculate approximate values for the quantity B 
of real gases on the basis of the data obtained for the velocity 
og sound. This has been examined in paper 
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Ultrasonic Investigation of the Elastic Constants of Solid 
Carbon Dioxide 


Etude aux moyen d'ultrasons des constantes elastiques 
de 1 * anhydride carbonique solide 

VAIN? HOVI and ESA mSnTISALO 

Wihuri Physical Laboratory, University of Turku, 

Tarku, Finland 

SOMMAIPwE* Un appareil ^ ultraeons pour faire des mesures 
sur les constantes §lastiques des solides a Ite construit# En 
employant cet appareil les constantes elastiques de 1 * anhydride 
carbonique solide ont etS mesurees 'k la temp&rature de sublimation 
de 0 et k des frequences d* environ 2 Me© L’ anhydride car- 

bonique solide est considere comme un cristal isotropique© La 
compressibilite cubique adiabatique fut calcule k partir des 
Vitesse ultrasoniques* Les resultats obtenus sont du meme ordre 
de grandeur que ceux mesures anterieurement pour 1 * argon solide© 


INTRODUCTION 

It was not possible to find from the available literature 
any report on the elastic properties of crystalline CO^* However, 
experimental knowledge of the elastic constants of this typical 
van der Waals crystal would be very important for the theory of 
its potential energy© In the present work we used a simple 
modified ultrasonic resonance method for the study of the elastic 
constants of solid carbon dioxide© 


OF THE Gi 


DIGXiDE CRYSTALS 


The crystals to be investigated were prepared by liquefying, 
first the pure CO^ gas under 55 atmospheres at temperature below 
-10 C© and then fey crystallizing the liquid COp by means of 
liquid oxygen© In order to prepare larger transparent COp 
crystals^ it necessary to perform the cooling of the 

liquid CO slowly enough. It was possible to grow transparent 
and quite large COp crystals (length 5*^10 mm and thickness 
5'“*7 nim) © 


PERFORMANCE OF MEASUREMENTS AND RESULTS 

We constructed an ultrasonic apparatus for measurements 
of the elastic constants of solids (Figs© 1 and 2). The ultrasonic 
frequency was about 2 Me during measurements© The carbon dioxide 
crystals were put between the quartz crystals for the measurements 
at the sublimation temperature of -78,5 C© The crystal holders 
and the quartz crystals were 5 however, at a little higher tempe- 
rature than the CO crystal. Thus, during the sublimation 
process the length"^of the COp crystal decreased continously© At 
the same time, the quartz transducers were hold by a spring in 
good contact with the COp crystal© Because the knotpoints of the 
standing waves correspond to the maximum vaiue of the ultrasonic 
intensity, the ultrasonic wavelength in the COp crystal can be 
calculated from the number of knotpoints corresponding to the 
sublimated part of the crystal© V/e used a photographic method 
for the reading of the output voltage. During the observations 
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the temperature of the crystal to be investigated remained 
Constant since the energy?' comi.ng off was exhausted in the subli- 
mationo 

^ we have the relat 5 .ons of the cl.assical theory 
which have been used as a basis of calculations® 

It is well^-known that the velocity of propagation of 
longitud 5 .hal can be expressed by the equation 

vi - Cl) 

where stands for the adiabatic elastic constant in the 
dire<;tion of a certain crystal and p for the density of 

the crystals Correspondingly, for the transverse waves we have 


( 2 ) 


Here is the adiabatic ‘elastic constant in the direction perpen^ 
dicular to that mehtloned above c According to the classical theory, 
the quantities and cjj,, are independent of each other® However, 
the third elastic*^constani; is connected with and cfr by 
the relation 




* 1.1 




(5) 


/The adiabatic cubic compressibility of the cubic crystals is given 
by the fprmulwa 


(4) 


X., 


^'11 ""^12 


From the ijltraaonio maaeurements we obtained for the velocities 
the following values 3 


If we substitute for ^ 
values i960 ‘m/s ^ 975 and 


v^ i960 m/s, 

Vvv - 975 ra/s< 

and 


and 


nd in equations (1) and . (2) the 
13563 g/cm^ at -7835^ C?/ 


we get for the independent elastic constants the values 


10^^ dyne/ cm^ ^ 


1.0^48 - dyne/cm^ 


and 


3 y taking into accoiuit the isotropy condition (3) we have 


« 3o 06 i 10^^ 


dyme/ 


From equation (A) v^e find for the adiaba.tic cubic compressibility 
the value 




- 5o3 cmVdynec 


It also shows the results of this v‘;ork;» We . found for the 
adiabatic cubic compossibillty of solid carbon dioxide at the 
of the value 

- • ’ p 

y^, 30 3 /" 10 ' cm Vdyneo 
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DISCUSSION 

We have compiled in Table 1 some data measured previously 
by means of ultrasonic methods for the elastic constants of alkali 
halides C\J and solid argon • Inspecting the values of the 

clastic constants appearing in Table 1| we find a considerable 
decrease of c' and c^k in moving from typical ionic crystals 
towards van der Waal s crystals. The weaker the oohesive force8« 
the smaller are the elastic constants. 

TABLE 1 - VALUES OF THE ELESTIC CONSTANTS 


Crystal Measuring temperature c^^^ . 10 c]^ • 10 



and reference 

2 

dyne/cm 

"T-r 

dyne/ cm' 

LiF 

Room temperature 

9,74 

5,54 

NaC*. 

ft ff 

4,85 

1,26 

KCl 

ti ft 

5,98 

0,625 

KBr 

If ft 

3,45 

0,508 

KI 

f« It 

2,69 

0,362 

CO- 

194, 7°K This work 

0,603 

0,148 

A 2 

8o°K 

0,27 

0,082 


This work has been reported in more details in paper • 
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Electronic Specific Heat of o<: and /S’-Brasses at Lo w Temperatures 

La chaleur c-pe cifique electrcnique de laitons ^et /3 aux 

bacsBGG temperatures - ■ 

VAIN5 ho Vi and KAUKO MANSIKKv^?i 

Wdhuri Physical Laboratory , University- of Turku, Turku, 

■ ' Finland , 

SGMMAJREc Les cha3-eurs specifiques elec broniques de laitons 
cL. ont et§ etudiees eii fonction de la composition en 

appliquant la formule de Sommerfeld et en faisant une hypoth^se 
concernant les electrons Ixbros.i 11 est demciitre que les valeurs 
theoriqiies sont en bon accord avec les donnees experimentales de 
Hayhe dans le cas du laiton cA .o Pourtant pour le laiton /$ une 
cpmparaison^.simllaire ne pent -etre faite a cause du fait que des 
donn.ees experimentales convenables semblent toujours manquer. 


IWTHCDUCTION 

According to Sommerfeld’ s theory /^ij/ the .electronic 
heat is given by the equation " ‘ • 


C 

e 


Oc,136 V‘ 


1/5 


m 


T 


cL 


- 


millijoules/mole* degree , 


specific 


( 1 ) 


where V^ is the molar volume In the number of free electrons 

per atom 5 T the absolute temperature, and )f^±s a constant. For the 
vala.di.ty of equation (l) one has to assume'' that the electrons have 
a rest mass m ^ and that they move in a constant potential field*, 

In th .0 case of. mcnovalent simple metals formula (1) gives a quite 
good approximation of theoretical electronic specific heat. 

Although this model can be rega.rded as a.n over-* simplified 
one* we may take .into account, to some extent, the. fact that the 
electrons are ihoving in a periodic potential^ field due to the 
lattice by giving them an ''ef f ective»* mass m‘‘' , Thus^ instead of 
equ«3.tion (l) v^i'e have 

p nT' 

0 ■ '• 

e m 

n 



If we compare ermatioxi (2) the experimental linear 

specific: heat 5 we obtain 

m^/m =.. X e^ra/ f ' theory 

O ■ ^ if 

> V •/ 


term of the 

(3) 


3y means of equations (1), (2),. and (3) i>:.? is immediately possible 
to carry out nuaei'ical calculations for the value of the electronic 
specific heats of different' metalsv 

It is clear that one can improve the theory by including the 
effect of the periodic potential V(r) due to the D^attice in the 
wave equation 


ST ''j-+ (2iii,/h^) /fE - V(r)_7'^ 0. 

.f 

A\ccord±ng to s well-knovim theorem the solutions of this 

equation are of the form 


C4) 
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'j' = Uj^(r) ^ (5) 

where has the periodicity corresponding to V(r). We see that 

the special case, = constant, represents Sommerf eld’s model* 

Furthermore, in the exact mathematical treatment of the 
electronic energy of metals we should take into account the 
perturbation caused by electron-electron interactions* One might 
also expect that the degree of order in alloys would have some 
experimentally observable influence on the electronic specific 
heat at v^y low temperature. In fact, the recent measurements 
by Rayne 4 2_y show that the electronic specific heats of an 
AuCu,~alloy corresponding to the ordered and disordered states 
differ slightly from each other* 

In this work, we have determined, by means of Sommerfeld's 

theory, values for the electronic specific heat of and - 

brasses as functions of compostion* In the case of -brass we 

have comp^ed^^our theoretical results with the experimental data 
of Rayne 4 5 _y« However, for /^-brasses we have not found from 
the available literature experimental values of heat capacity 
measured at very low temperatures* 


RESULTS AND DISCUSSION 

By assuming that each copper atom will give one, and each 
zinc atom two, free electrons to the system of free electrons, 
the average number of free electrons per atom in a copper-zinc 
alloy can be represented by the formula 

n^^ = 1 + 10-2 p ^ 

where p stand for the atomic percentage of zinc* If our assumption 
is true, equation (6) is valid only for zinc concentrations of 
0-50 atomic percentages. This is because, as we know from 
experimental investigations of the electronic specific heat of zinc, 
the numb^ of free electrons per atom in pure zinc is not equal to 
two (cp )* At zinc concentrations larger than 50 %, we may 

suppose that only those of the zinc atoms corresponding to the same 
number of copper atoms will behave according to equation (6) * The 
excess of zinc atoms would behave like the atoms in pure zinc as 
regards the number of free electrons per atom. On the basis of ^ 
equations (1) and (6), it is highly probable that the values of ^ 
will have a maximum at about equal concentration of components* ^ 

In order to calculate values for V in equation ( 1 ), we 
should know the average atomic weight of®the alloy* This can be 
obtained from the formula 


Here p and q are the atomic percentage of zinc and copper, 
respectively, and Z„ and Z_ are the corresponding atomic weights. 
Then 


T alloy 

where alloy denotes the density in g/cm'^. For our calculations 
we used the measured values of density appearing in paper * 
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The theoretical data calculated for the quantity ^of and 
/3 -brasses are given in Table 1. Table 2 shows the "effective" 
mass ratio of CV-brass.as function of corapositioni The theoretical 
and experimental values of }^a:ce represented graphically in Fig, 1, 


Table 1 


Theoretical 

compositions 

values 

of /^obtained for,ckyand /3 at different 

P 


V 


(f^) 

av 

(em^) 

(milli jouD.es/mole-degree'^) 

C,.00 

1,000 

7.065 

. . 0.501 : ■ 

1^49 

I0CI5 

7.167 

0,508 

3 ol 5 

1,031 

7.198 

0.513 

5 c 96 

1,050 

7.245 

0,519 

7.80 

1,078 

7,271 

0.525 

8„18 

1.082 

7,277 

0.524 

9.76 

1.098 

7 c 304 

0.529 

15v07 

1.151 

7.378 

0.540 

19,97 

lo200 

7,446 

0,551 

24 o 50 

1c245 

7o507 

C, 56 l 

29.19 

1.292 

7.573 

Oo 571 

32. 98 

lo 330 

7,6l3 

0.579 

40 ..00 

1.400 

7,707 

0 . 593 , 

42o 00 

1.420 

7 o 732 

0.598 

44.00 

lc440 

7.759 

0,602 

46,00 

1.460 

7,784 

0,606 

48oOO 

1.480 

7.808 

0,610 

50,00 

1.500 

7.852 

0 o 6 l 4 

Table 2 

The ’’ effect! 

maei 

s ratio of 

oC-brass as a function of 


composition 


■0 

m 

( mil.li jou.loa/mole. degree ■) 

;^tiieoi’ 

(ffuLll-ijoules/mole. degree^") 

m'^/mQ 

0,00 

0,68? 

0,501 

1.37 

1.49 

0„708 

0„508 

1.39 

3,15 

0,725 

0.513 

1.41 

5,98 

0.737 

0.519 

1.42 

7,80 

0,740 

0,523 

1,41 

8,18 

0.741 

0.524 

1.41 

9,76 

0.742 

0.529 

1.40 

15.07 

0 . 744 

0.540 

1.38 

19.97 

0 , V^ 4 o 

0,551 

1.36 

24 , 50 

0,748 

0.561 

1.33 

29.19 

0.749 

0,571 

1.31 

32,98 

0.751 

Oo 579 

1.30 


J.n investigation we have resmcothed the experimental 

values of ./j measured by P.ayne for -brass. Because the 

experimental point corresponding to the highest zinc concentration 
deviates considerably from the general course of the other points, 
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we have neglected ito In thip way, our smoothed curve rep: 
will have no maximum. 

Inspecting the values appearing in Tables 1 and 2 we find that 
the theoretical values of “brass are systemically smaller 

than the experimental ones. However,, the ’’effective” mass ratio 
seems to remain approximately constant. The mean value of the 
"effective” mass ratio is lo37s which equals that of pure copper. 

If our basic assumption made in equation (6) is valid, it is clear 
that Sommerfeld's theory can give quite good approximations of the 
electronic specific heat of rbrass. Regarding -brass, we 
cannot at present say anything about the agreement between theoretical 
eind e:q)erimental data because of lack of suitable observed values. 

A consequence of our basic assumption is also that there is no 
discontinuity in the values of at zinc concentrations of 0-50 
Moreover, the quantity will show a maximum at about equal 
concentration of copper and zinc. 

This work has been reported in more detail in 
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The Specific Heat C of Liquid Helium Near the JL -point at 
Various Densities 

La chaleur specifique C ^ de I’hilium liquids pr^s du point X 
pour de divers densit&Se 

Eo KOJO and 0^V„ LCUNASMAA 

Wihuri Physical Laboratory, University of TurkUi Turku, 

Finland 

SOMMAIREo La chaleur specifique de 1* helium liquids a 
ete mesuree entre les lignes d* equilibre^^llquide et liquide-vapeuro 
Le resultat demontre que la hauteur du maximum A diminue quand la 
densite augments, quoique le maximum est tou jours trfes prononce 
le long de la ligne d’ Squilibre liquide-'solide* Les mesures sont 
employees afin d* analyser la dependance de la transformation \ 
de la pi'ession et d^obtenir 1’ augmentation d ■ entropie associee 
h. Cette transformatioHc De meme que les mesures directes de p et 
de >-V ;p qui sont en cours, les resultats seront employes afin 

.« 

de oalculer les fonctions thermodynamiques de 1’ helium liquids 
dans les regions de temperature et de densite montionnees ci-dessus# 


INTRODUCTION 

The specific heat C of liquid helium has been measured 
from lo5 to 2c8^If at various densities between the liquid- vapour 
and liquid-solid equilibrium Id.nesr^ The earlier specific heat 
measurements in this temperature region are almost entirely 
confined to the liquid under its saturation vapour pressure • 

Little is known about the exact behaviour of the -peak at 
higher densities., The onl 3 r older experiments showing the 
anomaly under pressure are those of Keesom and Keesom ^l„/i 
two runs with rather scattered jooints at about 19 and 25 atm^ 

The measurements of Hercus and Wilks / 2 7 do not extend to the,jV- 
points Furthermore, their specific heat values are somewhat 
doubtful as their results under the saturation vapour pressure 
are 10 % higher than the presently accepted values of Kramers, 
Wasscher^ and Gorter (see also Hill and Lounasmaa 

The thermodynamics of liquid helium is poorly known in the 
temperature region mentionned above o This is particularly true 
if one wishes to make exact calculations - the scale of the best 
existing entropy diagram is very small indeedo Of course, the 
measurements alone- are hot sufficient for computing the thermo- 
dynamic functions of helium as they do not extend to temperatures 
low’ enough .1 However, vjhen they ai*e combined with the measurements 
of (&p/o T) j which are in progress, the whole thermodynamics can 
be calcul.ated by starting from the lonovm values of entropy and 
internal energy along the liquid-- vapour equilibrium line. The 
present v^fork thus, extends the entropy diagram of Hill and Lounasmaa 
C'yJ' fro® 3 to 

Ml)- 

The calorimeter is shovm In Figo 1« It had two compartments, 
the sample space axad the pot, the latter acting as a container for 
liquid helium used for cooling pu:rposes and for thermometer 
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calibrations^ The calorimeter was made of copper and the sample 
space packed with thin copper wire® Similarly^ a number of copper 
rods were soldered to the bottom of the pot<. These precautions 
ensured almost instar^nt equilibrium even above theX-poih't* The 
volume left for helium in the sample space was 19o55 This 

was- measured by filling the calorimeter at 4.0^K to a known 
pressure and^ by using the corresponding densities of Hill and 
Lounasmaa £ 5^/«* The vacuum case around the calorimeter was 
surrounded by liquid helium* 

The calorimeter was first cooled by exchange gas in the 
vacuum space do;vn to a.bout lO^lU Exchange gas was thon removed 
and the cooling completed by condensing liquid helium to the 
pots: Evaporation of this helium under reduced pressure cooled the 
calorimeter below the bath temperature 5 atid by a combination of 
pumping and heating a suitable starting temperature (1.4 -1,5°K) 
could be achievedc: Since exchange gas had only been used at 
temperatures where its removal was easy^ a good vacuum was 
secured and the heat leaks were smallo The method employed for 
the specific heat measurements was the usual one in non-adiabatic 
calorimetrj^o The heating periods were 30 seconds and measured 
with a calibrated and current-switch controlled stop-watch* 

Before each experiment the carbon resistance thermometer 
ivas Ccvlibrated with the greatest possible care against the 
vapour pressure of liquid helium condensed to the calorimeter pot. 
The temperature scale used was T^g.. proposed by Brickwedde 

RESULTS AND DISCUSSION 

Experiments vjere made at the following densities: 0*1439, 
0cl^71, ca627, 0.1635. Ca.690. 0.1745, 0.1778, and 

0. 1834 g/om’^« The lowest densi-ty corresponds to liquid under 
its sat-uratlon, vapour pressure and the two highest ones follow 
partly the liquid-solid equilibrium line. The points from seven 
runs are plotted in Fig:, B on a logarithmic scale in C * The 
gradual shift of the .X --peeik to lower temperatures when density 
is increased Is very evident^ At the same time the height of the 
peak is diminishing although it is still pronounced at the liquid- 
solid equilibriuru line© Below the ‘-point high density corresponds 
to high specific heat^ above the A -point the situation is reversed. 

When the specific heat data are plotted as a function of 
density at (different temperatures the scatter from smooth curves 
is oiiJ.y about 1 The values corresponding to the liquid under 
its^saturation. vapour pressure Join easily?' to these curves below 

1. -9 K, vdiere the 0 correction is- small. This indicates 

good internal consSstency of the data and suggests, together 
with a closer analysis of the experiments.} an accuracy of about 
2 % for the present resultsc. 

Some comparisons can be made with earlier measurements. 

Under the saturation \uapour pressure our results agree well 
v/ith those of Krc^ers^ Wasscher. and Gorter at 1.6 and 2o0^K, 
but are about 4 % higher a-b l.S Kc The discrepancy is within 
the experimental errors of both measurements. Above the ^ -point 
agreement exists v/ith the values of Hill and Lounasmaa 
L ^ results under pressure can be compared with the data 

of Hei*cus and Wilks from 1.5 to la8^Ko It is observed that the 
latter, are about 10 % hi-gher in agreement with the similar 
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situation under the saturation vapour pressure o It might thus 
he possible, by suitably correcting the values of Hercus and 
Wilks, to use them together with the present measurements for 
extending the entropy diagram down to io2 Kc At 2*8 K go£d 
agreement is found with the data of Hill and Lounasmaa ^ 5„/ • 

The '■“transition in liquid helium is studied at present 
very extensively* An analysis of our results from this point of 
view has to be postpoxied until the (dp/dT)^ experiments are 
completed. A full account of our work will oe published in 
Annales As^d^^ae Sgientiarum Fenni cae* 
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Fig. 1. The calorimeter. A = sample tube 0.3 mm I.D., B = vapour pressure tube, 
C = pumping tube, D — pot, E = sample space, F = carbon thermometer. 


Ul 




Fig. 2. Experimental Cy points. The density of sample corresponding' to each run is given 
in the figure. For the ruh'at 0.1778 g/cm^ only the single phase region is shown. The 
results at 0.1439 g/cm^ are uncorrected for the vapour present in the calorimeter. 
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Evaluation du refroidissement thermo^lectrique . 

IOFFE, A.F. , Academician, 

The Institute of Semiconductprs , 

Academy of Sciences of the USSR, 

Leningrad, USSR. 


SOMMAIRE. On sait depuis plus de cent ans que suivant le 
sens du courant une couche limite entre deux conducteurs diff4- 
rents peut etre refroidie ou chauffee. Cependant tant qu'on 
utilisait des metaux, I'abaissement de temperature ne depassait 
c-.'iipas 6®G. Les semi-conducteurs arrivent deja a TO^O et iront 
'sans doute encore plus' loin. , ; 

La situation actuelle et les perspectives pour un avenir 
proche sont les suivant es: Les thermocouples vdoiit on dispose 
actuellement peuvent consommer 1 , 5 a. 2 -w- pour transformer chaque 
watt a 0°C si la difference de temperature entre la branche 
chaude et la branche froide d 'un thermocouple atteint 40®C. 

A 30° 0 il ne faut que 1 a 1 ,2 watt. Le cout d'une batterie est 
proportionnel au rendement de celle-ci et peut etre dvalud a 
30-50 roubles pour 100 w. Les dispositifs' dont on dispose pour 
dliminer la chaleur du cote chaud de la batterie ontla plus 
grande importance. II faut utiliser du courant continu. En 
considerant la situation dans son ensemble ^ on peut dire que le 
refroidissement thermoelectriqus devtent utilisable actuellement 
pour les petites installations, '’mais est trop onereux pour les 
grandes. Par suite de leur amelioration, les thernioSlements 
rivaliseront avec de plus en plus de succSs avec les installations 
h compression. 


Thermoelectricity was discovered by Seebeck in 1821. In 
1834 Peltier published his observations about phenomena accom- 
panying a passage of electric current across a boimdary between 
two conductors. It is an interesting ^historical fact that 
neither of them \mderstood what they had discovered. Seebeck 
insisted that he had found magnetization and Peltier tried to 
disprove Ohms law. Pour years later, in 1838, Academician Lenz 
demonstrated that a drop of water placed on the contact of two 
metals froze or melted depending upon the direction of the 
current going through. Thus, thermoelectric cooling was well 
established 120 years ago but was never used practically. 

In 1909-1911 Altenkirch developed the theory of thermo- 
electric cooling and of generation of electric energy. He came 
to the conclusion that thermoelectric phenomena were too weak 
to be applied technically. He was right as metals were used 
and no other conductors had been known at that time. Semi- 
conductors changed the situation. 
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The essential feature of any dooling device is the ratio T] 
of the heat Q withdrawn at a low temperature T to the electric 
energy E spent. If the temperature of the system receiving 
heat is T, then ^'j may he expressed as: 



( ; T + T T 

■ i . 7 ...rg _ ijL 

V ^ ^ 2 T 


H/ , . 2 


T + T, 


( 1 ) 


. 

The first multiplicand T^-T is the ideal thermodynamic 
ratio, while the second represents the irreversible process 
involved . 



(X = the thermoelectric; power per 1 °C.; , ; 

(5 = the specific eledtric donductivity 

the specific ;thermal’ conductivity. 

The higher the value of Z the higher the efficiency ri . 
Therefore we define Z as the figure of merit of the material. 

The highest temperature difference achieved by a thermo- 
couple with , a figure of merit Z is given by the formula 

, ; : 4 T max — Z T ^ 

■ 'I ■ For metals Z<2.10“'^ and 4 T max about ( 5-7) °C while 
semiconductor thermoelements have Z>2.10~5 and accordingly 
4T max rises to (70-1 00) ®0. 

Applying all our knowledge about the behaviour of semi- 
conductors we now reach 

Z 3.3,10"^ . 

It means that a thermoelement with Z = 3.0.10'^ cools 
down from 3pO°E to 225°K by 75°0 or from 110®C to 0°C by 110«C. 
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-> 

■■■■' Thd ■cooling ccefficlent '• E becomes '.'to T.O for 

a temperature difference of 30°C and td = cyt'6 for T^-T = 40°C. 

The formulae 1 and 5 are .derived a simplifying 

assumptioh' df a unif orm temperathfe' 'gradient hlong the thermo- 
couple; the actual temperature difference is a little smaller. 

As a thermocouple -consists of- two different wings, the 
definition of Z must be changed 


( CL .. + CCp. )' 


Z : .= 


..(2a.) 






2 ’^2 V 




iwhere.. p 
materials 


p,.j and ; • p2 ■ <3e.note the, specific .resistivity of the two 


The value of Ti could be improved by connecting two thermo- 
elements in series. , Eor 'instance , . ■ becomes .- -T\ = -o.7 
instead of 6,6 for Z = 3.iP“.3 .andx Tq-T .= .:40AC., ■ 


, ■; a thermoelectric device is highly dependent 

on , the temperature difference on the ends of. --the ■thermobattery . 

. While the cold end has to draw .the heat Q. .we- have to tafce'-'ifrom 
.'the. hot .end, both the heat , :Q and the electric energy- ■ E.-'^ i-it is 
most impo-rtant to improve the -conditions for the 'dtssipatidh of 
heat at ,;the hot . end . - .If water .of 1. 5°C is available, the c doling 
coefficient of a refrigerator may reach a value .of (1.5 --2.0) 
while the use of air at a temperature of 25®C leads to T] = 

(0.7., -. 0..8) / 

... ... The jamount of .materials M necessary for. a thermoelectric 

battery is directly proportional to the square- of the thickness 
L of the battery. 

M = cL^ (4) 

Thermoelements could be applied for heating purposes. For 
a thermocouple with Z = 3.0 . 10~5_J__ -v^e find 

Ti = I = 2.15 for T-T^ = 30°C. 

We have developed the following small scale apparatus with 
the aid of semiconductor thermoelements. 

1. Several apparatuses destined to adjust the temperature 
on a microtom for biological experiments; on a 
microscope to observe an object between -30? and.. 

+60“C. 
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2. Thermostats for radio devices especially for qviarz 
stabilizers.. 

3. Hygrometers for temperatures below 0®G, 

... .4. Vessels for transport at low temperairures in 
autocar. 

5. Vacuum apparatus cooled to — 50®C, especially a device 
to cool oil vapours in a vacuum gauge. 

6. Refrigerators with water or air cooling. 

The efficiency of devices for thermoelectric cooling is 
lower than, achieved- by compressiDn refrigerating machines but is 
somewhat higher than for absorption installations. ¥e must, 
however, remember that refrigerating compressors already have a 
long history while thermoelements are at the very da-wn of their 
development. The fi^re of merit of our first thermoelements 
about 20 years ago did not exceed 0.5 . 10~3j i-(; gx>g-^ steadily 

and increased by a factor of 7. ¥e may expect a further favorable 
development. 

^ 1 ^^^ work on thermoelements is now going- oh ^in m^y laboratories 
in the USA, England^- France, China, etc. 

mt. to be too early to discuss large scale energy problems. 

Thermoelements are still -unable to compete with compression 
machines. However, the simplicity and the cheapness of a thermo- 
electric battery represent a significant preference everyidiere if 
the expenses for electric energy play a secondary role. Thermo- 
elements represent the only possible solution for cases where ' 
small dimension installations are required. 

In accordance with the rise of the figure of merit of thermo- 
couples the boundary between the practical and the \nipractical 
applications will certainly move towards semiconductor thermo- 
, elements. . 


- copyright reserved - 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 



Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 



Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 




5-15 


Th^ Two-storied Gold Store with Direct NH3 Evaporation 

Les entrepots frigorifiques a deux etages a detente directe d’ammoniac; 
E. GROSCHNER 

Forschungsinstitut fiir die Kiihl- und Gefrierwirtschaft, 

Magdeburg, Germany 


SOMMAIRE. Les chamhres frigorifiques en sous-sol sont destinies d des tem^ 
peratures de 0° d 2° C. Celles du rez-de-chaussee servent d differentes utilisations 
entre 0® et -20° C. La protection couteuse contre la congelation du sol est r endue 
rentable par I’ utilisation de chamhres frigorifiques au sous-sol. Le materiel fournit 
un refroisissement avec ou sous circulation d^air ou avec combination des - deux 
systemes. Au rez de chaussee deux tunnels de congelation d'une capacite de congela- 
tion de 13 tonnes chacun, augmentent les possihilitis d’entreposage. Au lieu de sau- 
?nure, il est simplement prevu une evaporation directe de NHa avec circulation par 
pompes du fluide frigorigene. Pour L evaporation directe, il a ete prevu: 

2 compresseurs en V avec 163.000 kcaljh a t^ -12° C. 

(dont un functionnant en booster) d t^ -28° C. 

2 compresseurs en V de 63.000 kcaljh d t^ -28° C. 

2 compresseurs de 38.000 kcaljh chacun d -33° C. pour les tunnels de con- 
gelation. 

Des tayaux ordinaires avec ventilateurs centrifuges servent de refroidisseurs 
d' air pour les principales chamhres du sous-sol. Le rez-de-chaussee a ete muni 
en outre systemes de tuyaux muraux et plafonniers ordinaires. Les chamhres 
annexes ont des refroidisseurs d'air muraux norrnaux et servent au degivrage. A 
tons les refroidisseurs d^air il a ete adjoint des conditionneurs fonctionnant d 
Lelectricite. Des installations, de conditionnement d'air ont ete adaptees aux couloirs 
de service. Toute ^installation de commande electrique est automatique. De plus, 
il a ete prevu un dispositif de pre-ref roidissement pour les wagons de chernin de fer. 


A two-storied cold store, consisting of basement and groundfloor, must be 
considered as more advantageous according to our economical conditions, when 
it is projected as a multi-purpose cold store. In the German Democratic Republic, 
such a cold store with a cooling surface of about 8000 m2 is being erected just now; 
another will be begun shortly. The basement rooms will be operated at a tempera- 
ture of ±0° C. The air temperature of the ground floor rooms can be set at either 
±0° C. or -18® C. In the cold store being built, cooling is by 2 brine circuits. For the 
other, a direct NH-j evaporation and a NH^ circulation by means of NW circulation 
pumps are provided. Both will be vastly automated. 

In the scheme of the NH3 circuit, the connection of the two NH3 circuits are 
shown. The NH3 circuits of the 2 tunnel freezers and of the ice-making equipment 
have not been drawn up. These have separate compressors and show no peculi- 
arities. 

The whole NH3 and electric connection are subdivided into the following 
main groups: 1) NH3 refrigerating compressors; 2) NH3 liquid coolers, NHa 
circulation pumps and defrosting equipment; 3) NH3 air cooler with dir^t eva- 
poration. 


NH3 REFRIGERATING COMPRESSORS 
For each of the 2 NH3 circuits 2 compressors of the same type and size are 
provided. The compressors for evaporating at -28® C. work in two stages. Of 
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the 2 compressors for —10“ C. evaporation it is possible to switch one either on 
one stage or on 2 stages. This compressor acts as a booster for the two NH^ 
circuits. The change-over of the booster compressor takes place by hand. In normal 
operations, a pressure-operating control link (a) inserts or uncouples the first 
compressor of a NH3 circuit. For this, it is possible to use a pressure control or a 
gauge with electric minimum and maximum contact. 

An equal control link (b) additionally inserts the second compressor automatic- 
ally only when, as a result of increased heat in the cold storage rooms, the NH3 
pressure rises above an adjustable desired value. The uncoupling takes place in 
reverse order. An electric locking with the control links of all the cold storage 
rooms of the NH3 circuit concerned hinders a starting of the compressors, when 
all the control links (room thermostats) of the cold storage rooms are cut off. 

At the insertion, the compressors are started pressure-relieved. This is done 
by electric motor stop-valves by means of time-limit connection. 

In the NH3 circuit for -28° C. evaporation there is still a signaller (1). The 
control links c and d belonging to it have the same function as the control links 
a and b of the circuit of -10° C. evaporation. When in spite of the additional 
insertion of the 2nd compressor, it is not possible to keep the NH3 pressure on the 
level desired, the signaller uncouples an acoustical or optical signal. Such is the 
case, if, at this moment, the capacity of the 2 running compressors is not sufficient. 
Through this signal it is additionally possible to insert the booster compressor. 
Besides, in the 2 NH3 circuits there are the necessary low-pressure safety switches, 
gauges, NH3 check valves, oil-separators, condenser, and receiver. This receiver 
is furnished with inserted subcooling coils or additional NH3 subcooler. 


NH3 LIQUID COOLERS, CIRCULATION PUMPS AND DEFROSTING 
EQUIPMENT 

Each of the 2 NH3 circuits has 2 NH3 circulation pumps for the NHa transfer 
to the air coolers. Temperature, or pressure control links additionally insert or cut 
off the NH3 circulation pumps electrically. The structure of the two-storied multi- 
purpose cold store with about 8000 m^ of cooling surface is that of a flat cold 
store. An automatic NH3 circuit practicable in cold stores having a superstructure, 
is not practicable in a one floor cold store because of the smaller statical differences 
of level. Details of the automtic control of the NH3 circulation pumps, described 
as follows, accordingly are valid for the 2 NH3 circuits. 

The NH3 circulation pump (G), the so-called fundamental pump, is switched 
on by a contactor. Its commanding-impulses for switching on or cutting off are 
given by the contactors of the air coolers by means of a control sliding-lead. 
Consequently all the switching appliances of the air coolers are to be furnished 
with an additional working contact. Going, into operation, the cold storage room 
will switch on the primary pump (G) by a switching impulse from the control-lead 
mentioned above, if it has not already been started from a cold storage room 
already in operation. The fundamental pump (G) cuts off only when the last 
working cold storage room of this NH3 circuits has reached its lower temperature 
limit and cuts off. 

The additional NHg circulation pump (Z) switches on or cuts off depending 
on the capacity desired of the NH3 circuit. The commanding-impulses necessary 
for this are given by a pressure control or a gauge with maximum, or minimum 
switching contact. These control appliances "must be constructed in the form of 
pressure difference appliances. If the pressure difference between the NH3 pro- 
gressive movement and the NH3 return -movement decreases, that is a sign that 
other NH3 air coolers have switched on additionally. If this pressure difference 
decreases under a certain level, the additional NH3 circulation pump (Z) switches 
on. By cutting out the air-coolers again and again the pressure difference between 
the NH3 progressive liquid line and the NH3 return line increases, and the maxi- 
mum difference pressure will be reached and the additional NH3 circulation pump 
will be switched off again. ^ 
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Fig. 1. NHs circuit scheme of a two-storied multi-purpose cold store. 
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In case of an extraordinarily high load (heating) of one or several cold storage 
rooms, it is possible that the ammonia being in the air coolers will wander off to 
the cold NH3 liquid coolers. It is possible that an undesirable liquid level is 
reached and that is troublesome for normal operating. Therefore we have provided 
a NH3 receiver and equalizer, to which the liquid NH3 is drained off from the 
NH3 liquid coolers by means of overflow lines. 

A NH3 return circulation pump (R) always enables the supply of the NH3 
lacking in the circuit at the beginning of the normal -state. This return of NH3 
to that liquid cooler in which NH3 is desired occurs by means of the overflow lines 
described above. For the change-over of the NH3 return circulation pump to the 
corresponding overflow line (in this case “return transport line”) there are 4 motor 
stop-valves or 2 three-way motor stop-valves. The return circulation pump and the 
change-over of the motor stop-valves are switched on by commanding impulses of the 
NH3 liquid level indicators; they are at each NH3 liquid cooler. As NHs liquid 
level indicators, may be used indicators with hydraulic-electro-inductive measuring 
and switching instruments or NH3 liquid level indicators. These work by the 
application of the radioactive isotope Co 60. 

The NH3 air coolers are defrosted by means of the hot NH3 vapors from the 
pressure sides of the compressors. Consequently, the condensation heat set free 
of the ammonia hot vapor is used to get the necessary melting heat for the frosted 
air coolers. As, according to the operating condition of the refrigerating equipment 
one or several compressors are running, it is necessary to regulate the volume of 
the NH3 hot vapor. When only one compressor is running, it is necessary to lead 
nearly the whole volume of NH3 vapor into the line for defrosting. When 4 
compressors are running, this would cause an undesired increase of pressure. In 
order to lead just the quantity of hot vapor each time necessary into the line for 
defrosting and not to let the NH3 pressure increase above the normal, we have 
provided a motor regulating-valve in the main pressure vapor line to the condenser. 
A pressure control or gauge with electric maximum and minimum switching 
contact (f) gives the regulating impulses for this motor valve. If the pressure 
increases, regulation ensues by opening and if the pressure decreases, by closing. 

The NH3 condensing by the defrosting process is again lead to the NH3 circuit 
by means of a throttle-valve. 


NHa AIR COOLER WITH DIRECT EVAPORATION 

Each of the basement cold storage rooms contains a separate air cooler with 
low-pressure centrifugal fan. Some rooms in the basement are furnished with 
few wall air coolers, each with 2 propeller fans. Motor stop-valves couple the air 
coolers to the NH3 progressive liquid movement of the circuit of — lO"* C. eva- 
poration. The coupling impulses for this are given by the temperature control 
link being in the cold storage room (room thermostat). Outside of each cold 
storage room, there is an electric wall switch for that room. This appliance contains 
the necessary contactors and switching relays for the automatic switching-on of the 
fans and for the control of the motor stop-valves. 

Besides the air coolers already described in the basement, the ground-floor 
cold rooms still additionally have ceiling, and wall coils for still air cooling at 
low temperatures. Whereas the air cooler of the ground-floor cold storage rooms 
may be coupled to the progressive movement 'of the circuits either of -10° C. or 
of -28° C. temperature of evaporation at choice, the ceiling, and wall coils are 
connected only with the NH 3 circuit of -28® C. Because each cold storage room 
may be connected with 2 temperature circuits at choice, 2 temperature contrql 
links with different switching-ranges are necessary for the automatic operation 
of these rooms. As the switching appliances are outside of the cold storage rooms, 
when a change in the desired room-temperature range and consequently the neces- 
sary control range of the corresponding motor stop-valve may be made easily by 
a hand-change-over. When the temperature control link for the air-temperature 
range of -18° C. is switched on it is possible additionally to switch on or to cut 
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off either the motor stop*valve for the /air cooler or the motor stop-,valve for the 
wall, and ceiling coils or both at the same time. For the fans and the NH3 cir- 
culation pumps, the same is true as for the basement. 

The additional switching-on of the NH^ hot vapor line at the air cooler in order 
to begin the defrosting process is caused by a hand-stop -valve, because the air 
cooler must be under manual control during the defrosting process. 

The fresh air cooler necessary for the cold store is Connected with the NH^ 
circuits, either the -10° C. or the -28° C., by a motor stop-valve. A push-button 
switch gives the control impulses from the engine-room. 

Instead of remotely controlled motor stop-valves, magnetic stop valves may 
also be used. The motor, or magnetic stop valves in the cold NH3 circuits' are 
furnished with a heating- appliance to prevent freezing of the control organs of the 
stop-valves. 


Behrndt bogtryk, Denmark 
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L’examen d’une machine frigorifique du type »Platen-Munter$f< 

Study of a Refrigerating Machine of the Platen-Munters Type 
Dr. Ing. STAFAN GAJCZAK 

rinstitut pour la Technique Thermique de Haute Ecole Polytechnique de 
Varsovie, rue Nowowiejska 23, Varsovie, Pologne 


SU MMARY . The study of thermodynamic cycle in 'diffusion refrigerating ma- 
chines made hy means of the enthalpy-concentration diagram of a NH 3 -// 2 O 
solution and of gas-vapour mixtures shows, that the low output of these 

machines is due theoretically to incomplete rectification and to the unsuitable rate 
of circulation of the gas-vapour mixture. To obtain a quantitative table of losses 
from these causes tests of an absorption and diffusion refrigerating machine de- 
signed for a 45 drn^ refrigerator were made at the laboratory of the Thermal Tech- 
nical Institute of the High Polytechnic School of W\arsaw. 

Measurement of heat, rectification, condensation, diffusion and absorption were 
given as a function of the average temperature of the evaporator, as desorption 
heat being taken as a parameter. 

On the whole, 40 measurements at evaporating temporatures between - 28°-0° C. 
and of desorption heat between 52-103 kcaljhr were taken, Measurement of the 
circulation rate of the solution and of the gas -vapour mixture was made by re- 
placing natural circuits hy artificial ones. 

Piston electromagnetic metering pumps were also used for measuring circula- 
tion. 

The data provided by the study of the composition of the solution and of the 
gas-vapour mixture allowed the definition of mass transfer coefficient and of the 
average difference between partial absorption and diffusion pressures. Test of a 
refrigerating machine with column, fed with a rich solution, gave for an average 
diffusion temperature of -10° C., output coefficients 30 % higher than those ob- 
tained by the use of a rectifier alone. The measurements of the concentration of 
the gas-vapour mixture, of absorption heat and of temperature, gave the following 
results: only one part of the refrigeration condensed diffuses in the gas-vapour 
mixture in the evaporator, and the remainder flows uselessly in the absorber. This 
process occured in a refrigerating machine already at a diffusion temperature of 
about C. and. increased as teffiperature decreased. 

La demonstration des processus qui ont lieu dans les machines frigorifiques a 
absorption et diffusion, par des diagrammes entalpi-concentration, de la solution 
H 2 O-NH 3 et du melange ga 2 o-vaporique H 2 -NH 3 permet de comprendre facile- 
ment les causes principaies de la basse valeur du coefficient du rendement frigori- 
fique de ces machines. 

Les definitions des etats, acceptees dans le schema fonctionnel des machines 
frigorifiques d’un type plus ancien, demontre dans la Fig. 1 , ont ete repetees pen- 
dant la disposition des points relatifs du circuit sur les diagrammes i-f de la 
solution H 2 O-NH 3 , ainsi que du melange H 2 -NH 3 Fig. 2 et 3. 

Comme causes principaies de pertes de chaleur dans la partie absorbante, peu- 
vent etre mentionnees: - la rectification, Techange de la chaleur des solution et les 
pertes a I’entourage. • 

La rectification des vapeurs d'apres le schema fonctionnel dans la Fig. 1 , con- 
stitute un processus non-reversible a cause de I’emploi du deflegmateur seulement. 
Le rapprochement du processus de rectification t secondairement aussi de la desorp- 
tion a la reversibilite peut etre atteinte, en completant le deflegmateur par une 
colonne de rectification, alimentee d’une riche solution. . 
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F/g. 1. Schema fonctionnel d’une machine frigorifique a absorption et diffusion. 


Le processus de I’echange de chaleur entre les solutions est non-reversible, a 
cause de la difference de capacite de chaleur des deux courants, et cela meme, 
comme I’a prouve Bosnjakovic, dans le cas d’une surface d’echange et d’une 
circulation reiteree des solutions, infiniment grandes. 

Le rapprochement de ce processus a la reversibilite peut etre atteint par Legali- 
sation des capacites de chaleur des deux courants, en divisant le riche dans une 
partie passant par I’echangeur de chaleur des solutions, et en employant le reste 
pour le refroidissement du deflegmateur. 

La temperature de la desorption, comparativement assez elevee, fait que la 
quantite de chaleur rendue a la convection et au ^yonnement du desorbeur et de 
I’echangeur de chaleur, constitute un facteur considerable dans le bilan de chaleur 
de la machine frigorifique. 

Les pertes subies dans la partie d’absorption et diffusion sont causees pour la 
plupart par la reiteration de la circulation des melanges inappropriee et par la 
non-reversibilite du processus de I’echange de chaleur, entre les melanges. 

Le point q de la Fig, 3 correspondant a I’etat du melange pauvre, ecoulant de 
I’absorbeur, est exprime par: 

— sa temperature tMU dite egale a to a la temperature de NH*} liquefiee, sortant 
du condensateur, et 

- la concentration ^mu, qui depend de la pression partielle du NH^ au-dessus 
du miroir de la solution pauvre, entrant dans Tabsorbeur. 

Point 5 repond a I’etat du melange pauvre refroidi a la temperature- to apres 
I’echangeur de chaleur des melanges, d’une surface infiniment grande. 

Point 3 correspondant a I’etat de la solution riche a la sortie de I’evaporateur 
est marque par la temperature to dans laquelle cesse I’arrivee de la chaleur au 
melange. La concentration du melange riche depend de la reiteration de la circu- 
lation des melanges. En rapport avec cette grandeur, le point 3 se deplace le long 
de Tisotherme to de I’etendue des vapeurs surchauffees, traverse la courbe de la 
rosee, pour depasser ensuite I’isotherme to de I’etendue du brouillard. 

Dans le cas ou la' grandeur de la reiteration du circuit est infinie, et etant donne 
que les points 3 = 5 sont identiques, la temperature dii processus de diffusion 
dans I’appareil — qui, traditionellement quoique injustement est nomme “eva- 
porateur“ ~ est constante, la chaleur echangee entre les melanges infiniment 
grande, la puissance frigorifique est definie et est egale a qo. La diminution de la 
reiteration du circuit jusqu’a position du point 3 sur la ligne de la rosee donne a 
une invariable puissance frigorifique qo une reduction de la chaleur echangee 
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Si 



F/g. 2. Circuit cle la machine frigorifique a absorption et diffusion en diagramme i - ^ 

(i kcal/kg; f -) de solution HaO-NHa). 

\GniI;, + Gir.jO / 


entre les melanges jusque a qwm qui est fixee sur, le dessin’Fig. 3 . La temperature 
du melangement adiabatique diminue pendant ce temps de b, jusqu’a une tempera- 
ture correspondant a la temperature du point de croissement de la ligne du melange- 
ment adiabatique 45, avec la courbe de la rosee, et ensuite augmente jusqu’au to min. 

Une diminution ulterieure de la reiteration de la circulation a pour consequence 
le deperissement de la puissance frigorifique, de Tevaporateur sort un melange 
''mouille"', la quantite de chaleur echangee entre les melanges diminue, la tempe- 
rature du melangement adiabatique augmente. Au moment ou le point 3 se trouve 
•au point du croissement de Tisotherme to de Tetendue du brouillard avec la ligne 
45, le rendement est egal a zero. En diminuant encore plus la reiteration de la 
circulation, il faudrait pour obtenir la diffusion NH3 reconduire la chaleur de 
I’evaporateur - ce cas a done un sens purement theorique. 

il est evident, d’apres ce qui a ete dit ci-dessus, que pour eviter de fournir 
inutilement du NH5 liquide a I’evaporateur, la reiteration du circuit des melanges 
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Fig. 3. Circuit de la machine frigorifique a absorption et diffusion en diagramme i - f 

(i kcal/kg; f ) du melange H-i-NHa). 

\GNII3 + GH2O / 


doit etre assez elevee. Cette exigence evoque la necessite d’une augmentation de 
la surface de I’echangeur de la chaleur des melanges. 

La non-reversibilite du processus d’echange de la chaleur entre les melanges, 
par I’analogie avec I’echangeur de chaleur des solutions, peut etre diminuee par 
. Legalisation de la capacite de chaleur des deux courants des melanges. Le super- 
flu de la capacite de chaleur du courant du melange riche, sert a refroidir les 
condensats du NHn avant de les introduire dans Tevaporateur. Sur le dessin Fig. 3, 
le point 6 repond a I’etat du melange riche, apres le passage par Tappareil appele 
par abreviation Techangeur-refroideur. Dans ce meme dessin sont designees par 
diagramme, la chaleur qwm rendue par le melange pauvre, qwind rendue par les 
condensats, et qwmc P^is par le melange riche. 

Pour donner aux considerations, ci-apres, au moins a un certain degre, Timage 
quantitative reelle, on a fait des etudes sur une machine frigorifique a absorption 
et diffusion, destinee a une armoire frigorifique, d’une capacite de. 40 Itr. 

Le programme des mesurages a embrasse: a) le bilan thermique complet, b) les 
temperatures et pressions entieres, c) la tension de Tecoulement des solutions et 
melanges, et d) la concentration des solutions et melanges. 


DEDUCTIONS RESULTANT DES MESURAGES DE LA MACHINE 
FRIGORIFIQUE EXAMINEE 

A. La trace de la courbe du puissance frigorifique Qo demontre que la chute 
de cette grandeur est d’autant plus rapide, qu’ augmente la chaleur de le desorption 
Q(i. Ce fait est cause par une diffusion incomplete du NHy dans le melange 
H 2 --NH 3 , etant donne une haute valeur Qa comme consequence, dans ce cas d’une 
trop petite reiteration de la circulation des. melanges. 

B. Le bilan de chaleur de la machine frigorifique ne peut etre ferme bien que 
le desorbeur et I’echangeur de chaleur des solutions aient ete isoles additionellment. 

Etant donne que I’isolation de ces appareils restait normale, les pertes de chaleur 
montaient jusqu’a 30 kcal/h. 

C. De la relation de la grandeur de la chaleur de la deflegmation Qr et de la 
condensation Qk, il resulte que les vapeurs a leur sortie du desorbeur ont une 



Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 



3-26 

concentration proche de I’etat de I’equilibre avec la solution pauvre, et le processus 
de deflegmation est proche du processus du contrecourant. 

D. Le complement du deflegmateur par une colonne de rectification a donne 
une augmentation du coefficient du rendement du refroidissement de 30%, etant 
donne que la temperature des parois du vaporateur est de —10 C. 

E. Les moyennes logarythmiques des differences des pressions partielles, cal- 

culees a la base des mesurages de concentration des solutions et des melanges, 
prennent dans I’evaporateur les grandeurs 1 1,5 ata et dans I’absorbeur 0,9 ^ 

1,2 ata. , 

F. Puisque la quantitc du NH-j qui sort du condensateur est connue, on a fixe 
les moyennes du coefficient de Techangement de la masse qui sont: 

- pour I'evaporateur 40 kg/m-h ata, 

- pour I’absorbeur 30 kg/m^h ata, - environ. 

Les donnees susdites concernent les appareils dune construction en planeaux 
et elles ont ete obtenues a la temperature de diffusion du rang 0° C. 
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Limits of Air Humidity Regulation in Storage Rooms of ca. 0® C. 

Installation des batteries frigorifiques dans les chambres aux environs de 0® C. 
pour obtenir de meilleures conditions de I’air 

LAJOS GANGS 

1. Vermezo - u. 4, Budapest, Hungary 


SOMMAIRE. Avec les batteries frigorifiques classiques, V hygromHrie necessaire 
ne pent etre atteinte que lorsque les denrees ont ete refroidies, c-est-d-dire pendant 
I’entreposage. Si les hesoins de froid sont plus Sieves^ Vhygrometrie s'ahaisse au 
cours du refroidissement rendant ainsi inevitable une perte de poids. Les pertes de 
poids peuvent bien entendu etre reduites si Von injecte de la vapeur dans la chambre 
de conservation. 

11 est inutile de faire circuler toute la quantite d'air et les ventilateurs doivent 
done etre construits de fafon d permettre la circulation d^une quantite moins im- 
portante. Comme il est explique, si les denrees entreposees ont plus de valeur, 
V utilisation de batteries frigorifiques de grande s dimensions peut se reveler econo- 
mique. 



As a rule, no regulation of air conditions is expected in storage* rooms of 0® C., 
provided the temperature specified is maintained. Cooling is intermittent so that 
while it is being done, tJEhe humidity of the air is lower than while it is stopped. 

Humidity and temperature can be regulated by: 

1) changing the cooling surface; 2) changing the quantity of air driven through 
the cooling battery; 3) using by pass ducts; 4) drying the air by cooling, followed 
by reheating; and 5) injecting water. 

Let us see to what degree humidity will change if the following are changed: 
a) cooling power; b) air quantity; and c) cooling surface. 

Let us consider the following case in respect to the interrelation of the above 
factors: 

Surface area of storage room: 300 m^. 

Weight of stored goods: 120 t., occupying 67% of the room space. 

Monthly loss of weight: 1%. 

Cooling surface of battery: 400 m^. 

Heat transfer coefficient: k = 8 kcal/m^h^C. 

Minimum evaporation temperature in the evaporator: -10° C. 

Average room temperature: +1° C. 

Suction temperature in the compressor suction line: -10° C. (const.). 

The calculations are made as follows: 

1. Monthly loss of weight = 1%, in the case of 120 tons of goods = 1200 kg/ 
month, corresponding to an hourly loss of 1200/30 • 24 = 1,67 kg/h 

2. Heat quantity to be absorbed: Q = 8000 kcal/h 

3. Directional tangent of change in air condition, in diagram i-x 


di 

dx 


8000 


-4800 


4. If an air quantity of 24000 m^ — corresponding to a sixteenfold change — that is: 
24000 ' 1,29 = 31000 kg is being circulated, calories absorbed by an air- 
cooling system with the evaporation heat of the water vapour amounts to a 
cooling power demand of 8000 kcal/h 
8000 = 31000 • At • 0,24 + 1,67 • 600 whence At • 1° C. 
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5. Temperature difference by heat transfer 

Q = k‘F- Aty fe = 8 kcal/Zi, m^, C® 

. F = 400m8 


8000 

“FlOO 


= 2,5° C 


6. Temperature of the wall is - for the sake of simplicity - calculated by taking 
the arithmetic mean value of the temperature change. Average air temperature: 


+1-2,5 = 

Relative humidity according to diagram i-x {see Fig. 1) 9? = 0,85. 



Fig, 1. Relative humidity in a storage room at 0° C. 


In this way values of (p have been calculated for different cooling powers and 
air quantities (Fig. 2). 


t 


1 Cooling power 5000 kcai/h 

2 - - 8000 kcal/h 

3 - - 12000 kcal/h 

la - - 5000 kcal/h 

1b - - 5000 kcal/h 

100 m* 

1 Temperature of battery In case 1 

II Temperature of battery in case 2 

III Temperature of battery in case 3 

Battery surface 400 m^ 

400 m^ 

400 m* 

200 m’ 

100 m* , 


OA 9.6 QS 

Fig. 2, Change of humidity .during storage. 



The three unbroken curves correspond to cooling powers of 5000, 8000 and 
12000 kcal/h respectively, desirable when goods are stored at very different out- 
side temperatures. 

Conditions to be expected when goods are being cooled will be dealt with separ- 
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ately, as well as the case where outside temperature is' lower than that of the 
storage room, i. e. where the rooms must be heated in order to avoid freeaing. 

Curve 1 refers to a cooling power of 5000 kcal/h. 

If a total of 24000 m^/h air is being circulated, an air humidity of 90% can be 
reached. By reducing the air quantity, this value is also reduced slightly. If air 
quantity is 0,2 times the original, relative air humidity of 84% can still be achieved. 

In case lower air humidity is wanted, heating of the'" interior is necessary. How- 
ever, this would be uneconomical, as cooling power demand is greater. It is more 
economical to reduce the heating surface and reset the battery surface temperature 
to a lower value. Curve la shows the relation between air quantity and relative 
humidity when an hourly 5000 kcal heating power is produced by half the cooling 
surface. In this case, relative air humidity of max. 84% and that of 79% can be 
achieved, provided air quantity is reduced to 0,2 fold of the previous. 

According to curves I and la respectively, cooling batteries should be connected 
so that they may be used for a reduced surface as well, considering a slight effect 
of a cold outside temperature. 

By curve lb (^4 of original surface) relative humidity is shown as a function 
of air quantity. As shown: reduction of air quantity scarcely reduces the value of 
relative humidity i. e. smaller air quantity should be used in order to reduce the 
fan’s power demand. 

Reduction of power manifests itself in a smaller amount of current consumption, 
consequently its heat equivalent, therefore cooling power is also reduced. 

Air quantity can, of course, be reduced only to a limit securing uniform airing 
of the goods. 

Curves 2 and 3 illustrate the dependance of cooling power of 8000 kcal/h and 
12000 kcal/h respectively on the relative air humidity wanted. As is shown, as 
cooling power increases, relative air humidity is reduced. The less the air quantity 
the greater the degree of reduction. 

As a rule the yearly allround cooling power is scarcely more than 8000 kcal/h, 
i, e. an air humidity of 80%, satisfactory for most goods can still be achieved. 
Air quantity can be reduced to about 50% of the original. 

The above relates more strictly to curve 1, i. e. if goods are stored without new 
ones added, circulation of the total air quantity is superfluous. 

If less air is forced through the room, relative air humidity is essentially reduced. 

In case of 12000 kcal/h, shown by curve 3, air will become harmfully dry and 
loss of weight will also fcecome greater. 

^ Ontfotd kalftry rt/rfacf • 



Pig, 3, ■ Change of humidity during cooling. 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 



Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 



5-69 

No matter what the cooling power, reduction of air quantity will cause a reduc- 
tion of temperature of the cooling batteries. 

The broken lines I, II and III illustrate the change of temperature of the cooling 
batteries, as a function of air quantity. The temperature falls more if the cooling 
power is larger. 

The curves of Fig. 2 refer to cooling powers needed to maintain the -temperature 
of goods already cooled. 

In Fig. 3, conditions which arise when goods are being cooled are shown. In 
this case the maximal cooling power is wanted; it was calculated to be: 

Qmax ~ F.k.Zit max ~ 400 * 8 ' 9 kcal/h. 

As already shown, reduction of cooling surface effects air humidity rather 
unfavourably, if large cooling powers are needed. A cooling surface less than 
400 m^ had not been dealt with. A circulated air quantity of 24000 m®/h was 
chosen in all cases. 

According to the diagram, while goods are being cooled, - battery surface 
onefold a relative air humidity of 66% can be achieved. With a twofold surface, 
relative humidity of 79% is secured. From this point onward the increase is slowed 
down, so with a threefold surface, relative humidity will be 83%, with a fourfold 
one: 85%. 

As revealed by the curve, it would prove useful to investigate the advantages 
of a twofold cooling surface when loss of weight of goods must be met with a 
larger battery, and growing air resistance with a larger ventilation power. 

Calculations have not been made since they are complicated, and the possible 
saving in the value of goods depends on shorts of goods, wrapping etc. 

We have been dealing with cases where cooling was wanted because of outside 
temperature. There are periods however when outside temperature is equal to the 
inside one, and also such, that not cooling, but heating, is wanted, because the 
colder outside air is streaming into the storehouse. 

To stop cooling and let the fans alone do the airing, will not do, because of the 
high relative humidity. In cases like that heating is wanted to secure cooling there 
by reducing relative air humidity. 

Thus for instance, if humidity as indicated by curve 1 of Fig. 2 is wanted, corre- 
sponding heating and cooling must be done. Heating involves the ventilation work 
and the heat equivalent of the motor loss, possibly the heat produced by the goods 
as well. 

In reality this is not exactly as described, because a monthly loss of weight of 1% 
had been taken, which is not a constant value, not even during storage, nor had the 
fact been considered that loss of weight is dependent on infiltration of heat. 

If heat is oozing out of the storage room, more heating must be done than in 
case of temperature balance, however cooling is also wanted at the same time, in 
order to maintain the desired relative air humidity. 

In the above cases we assumed that the calculated temperature of the cooling 
surfaces is maintained. If the cooling surface is given, a certain cooling .power is 
characterized by a certain temperature. The larger the cooling power, the lower 
the temperature. Curves drawn in broken lines indicate wall- temperature of the 
cooling batteries or more exactly: average temperature of outside layer of hoar 
upon the walls. 

Suction pressure of the cooling compressor cannot maintain a certain wall tem- 
perature, if several batteries are connected to a single compressor. In order to 
reach a certain wall temperature, suction valves of individual batteries must be 
correspondingly choked. 


Behrndt bogtryk, Denmark 


Copyright reserved 
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The Investigatioa of a Lithium Bromide Absorption Refr^erating and 
Heat'pump Machine 

Recherches sur la machine frigorifique a absorption a bromure cle lithium 
et la pompe a chaleur. 

L. M. ROSENFELD and M. S. KARNAUKH 

The Leningrad Technological Institute of the Refrigerating Industry, 

Leningrad, U.S.S.R. 


SOMMAIRE. On ta'tUse deputs pen la solution aqueuse de bromure de lithium 
comme substance frigorigene dans les machines frigorifiques d absorption,^ Lobjet 
des travaux etudies dans ce rapport est de montrer que la chaleur residuaire 
(par exemple, sous forme d^eau residuaire industrielle chaude a une temperature 
de 60° d 7^ CJ pouvait etre utilisee par une machine d absorption a bromure 
de lithium tout le long de Pannee, en ete pour le refroidissement et en hiver pour 
le chauffage. 

Un systeme mis au point par les auteurs est utilise comme machine a absorp- 
tion ordinaire en ete, tandis que sa marche est inversee en hiver. La temperature 
de la chaleur residuaire est elevee dans la machine inversee en raison de la chaleur 
de Veau residuaire et de la basse temperature hivernale. Ces facteurs permet- 
tent d^utiliser la machine a absorption pour le chauffage, comme transformateur 
elevateur de chaleur. 

Le rapport etudie P influence de la recirculation de la solution de bromure de 
lithium sur le rendement de la machine d absorption et indique la relation entre 
les caracteristiques des calculs de chaleur d Paide d’un diagramme cojjcentration- 
enthalpie etabli par les auteurs, en tenant compte de P influence de la recirculation 
indiquee ci-dessus. 

On donne la description d'une machine experimentale essayee au laboratoire 
de machines frigorifiques de Plnstitut Technologique de Plndustrie Frigorifique 
de Leningrad, ainsi que le diagramme de cette machine. On indique les resultats 
de Pessai de la machine fonctionnant suivant le cycle frigorifique et le cycle de 
la pompe d chaleur — les valeurs du facteur de rendement, le coefficient de trans- 
formation de chaleur, les coefficients de transmission de chaleur de Pappareil, 
la vitesse de circulation et la recirculation de la solution d travers Pabsorbeur. 
Ces donnees ont ete obtenues experimentalement pour diver ses temphatures. 


INTRODUCTION 

In many large enterprises a considerable amount of waste water at 60 to 70° C. 
is available throughout the year. At the same time fuel and electric power are 
spent in these enterprises in summer to obtain cold water for technological needs 
or air conditioning, and in winter for heating purposes. 

The utilization of the heat of waste water for cooling purposes in summer and 
heating in the winter time presents certain interests as it allows a considerable 
economy in fuel. - 

The authors suggest using a lithium bromide absorption machine which, 
utilizing the heat of waste water, could be operated as a refrigerating machine 
in summer and as a heat pump in winter [1]. 

The results of an experimental investigation of such a system are discussed in 
the paper. 


OPERATING PRINCIPLE 

The system operates in summer as an ordinary absorption refrigerating ma- 
chine [2]. The waste hot water is supplied in this case into the generator where 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 



Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 

6A-11 

its heat is used for evaporating the water out of the lithium bromide solution. 

The cooling water (river water or water from a cooling tower) is run successively 
into the absorber and condenser of the refrigerating .machine to remove the 
heat of absorption, and condensation. The evaporator provides cooled water 
which may be supplied to air conditioners or used for technological purposes 
at the enterprise. 

In winter the absorption machine is operated on the reversed cycle, i. e. it is 
used as a step-up heat transformer in which the temperature level of the heat 
being utilized is raised on account of the heat of the waste water and the low 
ambient temperature during the cold season [3]. The cooling water (river water 
or recirculated +1 to +5^ C. water) is supplied into the condenser for removing 
the heat of condensation. The waste water is passed into the generator and the 
evaporator in parallel or in series. 

At a relatively high pressure of the water vapour formed in the evaporator 
the temperature level of the absorption heat increases likewise. The water, serving 
' to remove the heat of* absorption, is used for heating purposes. 

The processes taking place in the various apparatus of the lithium bromide 
absorption machine operated on the summer or winter cycles are analogous. No 
changes are required, therefore, in the design of the apparatus, when shifting from 
one cycle to another (Fig. 1). 



weoH sofution X— condensate 

— — — — strong sotutlan — ain-^yajoouf’ /yiijctuno 

mixed sotuitoo — 

— water 

Pig. 1. Diagram of experimental lithium bromide absorption maohine: 1 - generator; 
2 - solution heat-exchanger; 3 - condenser; 4 — absorber; 5 — evaporator; 6 - strong 
solution pump; 7 - weak solution pump; 8 ~ condensation water pump; 9 - water pump; 
10 - water heat-exchanger; 11 - nozzle. 

A higher pressure is maintained in the generator and in the condenser than 
in the absorber and the evaporator when the machine is operated on the refriger- 
ating cycle. However when the machine is operated as a heat-pump a higher 
pressure is maintained in the absorber and in the evaporator than in the generator 
and the condenser. This is why forced feeding of the condensation water from the 
condenser into the evaporator is required in the heat pump, while in the refriger- 
ating machine the flow of the condensation water from the condenser into the 
evaporator through a hydraulic seal is caused by the difference of pressures in 
these apparatus. A pump is provided for the forced supply of the condensation 
water. When the system is operated as a refrigeration machine the condensation 
water is drained through a by-pass missing the pump. 

The absolute value of the difference between the high and low pressure in a 
lithium bromide machine is small. It amounts to 30-40 mm Hg in the refrigerating 
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machine, and to 100-150 mm Hg in the heat pump. To provide a fine atomization 
of the solution in spray type apparatus two solution pumps are installed which 
ensure the operation on the refrigerating and the heat pump cycles. 

EXPERIMENTAL MACHINE 

An experimental lithium bromide absorption refrigerating machine, operating 
on the refrigerating and heat pump cycles, has been tested in the Refrigerating 
Machine Laboratory of the Leningrad Technological Institute of the Refrigerating 
Industry. 

The generator (1) of the experimental machine is of the horizontal shell-and- 
tube type with a 12 m^ heat transfer surface. The generator can operate either 
flooded or as spray type apparatus. The condenser (3) is also of the shell- and- 
tube type with a 15 m^ heat transfer surface. The horizontal shell-and-tube 
absorber (4), having a 13.9 m^ heat transfer surface, is of the spray type. The coil 
type heat-exchanger (2) with. a 4.5 m^ surface, is an integral part of the generator. 

The evaporator (5) is a hollow drum with a water spraying device inside. All the 
apparatus of the experimental machine are mounted separately so as to provide 
the necessary conditions for carrying out complete tests of the machine. 

RESULTS OF INVESTIGATIONS 

a) Refrigerating machine. Fig. 2 illustrates the relations of the temperature of the 
cooled water and the refrigerating capacity of the machine. The curves were 
drawn on the basis of the data obtained by testing the experimental machine. 

Line A corresponds to a 70° C. heating water temperature, and line B relates to 
60° C. heating water. Consumption of the 22° C. cooling water is, in both cases. 



Fig. 2. Dependence of cooled water tempe- Fig. 3. Dependence of hot water tempera- 
rature upon refrigerating capacity: A - ture on the heat capacity of the machine. 
70° C. heating water temperature; B - 60° 

C. heating water temperature. 


7.0 m^/hr, that of the heating water being 7.5 m^/hr. The results of one test are 
given in Table 1. 

The rate of absorption of the lithium bromide water solution is lower than in 
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TABLE 1. RESULTS OF TESTING A LITHIUM BROMIDE REFRIGERATING AND HEAT 

PUMP MACHINE 


Nos 

Value being measured 

Refrigerating 

machine 

Heat pump 

1 

Temperature of heating water, °C. 

70 

60 

2 

Temperature of cooling water, ° C. 

22 

1.4 

3 

Temperature of cooled water, ° C. 

10.6 

- 

4 

Temperature of hot water, ° C. 

- 

90 

5 

Concentration of strong solution, % 

55.5 

61.5 

. 6 

Concentration of weak solution, % 

51,0 

57.5 

7 

Rate of circulation, kg/kg 

12.4 

15.4 

8 

Recirculation ratio, kg/kg 

60 

40 

9 

Consumption of heating water, m^/hr 

7.4 

12.0 

10 

Consumption of cooling water, m^/hr 

7.15 

5.1 

11 

Refrigerating capacity, kcal/hr 

20000 


12 

Thermal capacity, kcal/hr 

- 

15000 

13 

Coefficient of performance factor 

0.7 

- 

14 

Coefficient of transformation 

- 

0.38 


the case of aqua ammonia. An efficient means of intensifying the absorption 
process is the recirculation of the weak solution through the absorber, whereby 
there is a considerable increase of the time the solution is in .contact with the 
water vapour coming from the evaporator. The required recirculation ratio (the 
relation of the rate of flow of the recirculated solution to that of water vapour 
passing the condenser and evaporator) depends upon the overall dimensions of the 
apparatus, the capacity of the machine and the design of the spraying device. In 
the tested machine this value amounted to 50-70 kg/kg. 

By the recirculation the highest temperature of the solution in the absorber is 
lowered. The state of the mixed solution is determined by means of a chart [4] 
by the intersection of the straight line connecting the states of the weak solution 
and of the strong one before mixing with the line of concentration of the 
mixture The latter value is derived from the material balance: 

fc 

/+a — 1 

where / and a are the rates of the circulation and recirculation of the solution. 

The experimental data indicate that the concentration of the solution is less 
than its theoretical value by 1.5 to 2 % in the absorber and by 1 % in the 
generator. 

The static head of the liquid has considerable influence upon the evaporation 
process in the generator due to the small absolute value of the vapour pressure. 
This is the reason for the evaporation of the refrigerant out of the solution being 
the most complete in spray type generators. 

b) Heat pump. The dependence of the hot water temperature obtained in the heat 
pump upon the thermal capacity is given in Fig. 3. The relation is based on the 
experimental data obtained in the case of the generator as well as the evaporator 
being heated by means of 60° C. water, while the condenser is supplied with 2° 
cooling water. The consumption of heating water is 12 m^/hr, that of cooling 
water being 5 m^/hr. The results of one test are given in Table 1. 

Due to the fact that water is passed through the absorber without recirculation, 
it is possible to obtain in the experimental machine water having a temperature 
up to 100° C. Water, having a temperature up to 110° C., may be obtained in 
a reversed absorption machine with a closed system of water circulation through 
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the absorber, and 70® C. water for heating the generator and the evaporator. A 
drop of the highest temperature of the solution in the absorber, due to recircul- 
ation of the solution, is highly undesirable in a heat pump as it impairs the 
operation data of the machine. A 30-50 kg/kg ratio of recirculation proves to 
be sufficient in such a case. The difference of concentration between a strong 
and weak solution did not exceed 5.5-6 % in the tests cited. 


CONCLUSION 

The investigations have determined the technical characteristics of a lithium 
bromide absorption machine for cooling and heating purposes with an all-year 
utilization of -the heat of waste water having temperatures ranging from 60® to 
70® C. The expediency of using the suggested system is to be determined in each 
particular case on the basis of technical and economical analysis. 
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Sur I’etude de I’influence de la mobilite des poiteurs libres du courant et 
de leur concentration an rendement de la jonction Peltier 

Investigation into, the Effect of the Mobility of Free Carriers on the Efficiency 
of Peltier Junction 

L. STOURAC, Ingenieur, C. Sc. 

Institut de Physique appliquee de I’Academie des Sciences de Tchecoslova- 
quie, Prague, Tchecoslovaquie. 


SV MMARY . The variation of efficiency of direct conversion of electric power 
in Peltier junctions with the concentration arid the mobility of free charge -carriers 
is discussed. Some welldefined semi-conducting compounds of N and P junction 
were investigated in the range 80-400° K. The properties and characteristics ob- 
tained are discussed. The possible use of these materials for the construction of 
Peltier junctions suitable for refrigeration is studied. 


INTRODUCTION 

Ces dernieres annees, de nouvelJes substarices, a base de composes semi-conduc- 
teurs d elements lourds, en particulier de tellurures et de seleniures de plomb, de 
bismuth et d’antimoine ou encore de leurs solutions solides [1-11] ont ete etu- 
diees et mises au point en yue de Texploitation de Teffet Peltier dans le domaine 
des techniques du froid. 

Notre Institut s’est egalement occupe, dans la periode de 1954 k 1958 [12-16] 
de I’etude de ces composes semi-conducteurs. Grace a ces recherches, il a ete possible 
d’obtenir sur les systemes Bi-Te-Se, employes comme' substances de type n et sur 
les systemes Bi-Te-Sb de type p, les parametres suivants: 



Type 

(5 [i2-icm-i] 

ci[,iVpC] 

[VArC^cm] 

«[J47®Ccm] 

z[V»C] 

Bi-Te-Se 

n 

(1,0—1 ,4) . 103 

(1, 4—1, 6) • 10= 

(2,2— 3,0) • 10-3 

1,25 • 10-2 

(1,8— 2,25) -10-3 

Bi-Te-Sb 

P 

(l,6-2,5)-10» 

(1,4— 1,8) • 103 

(4,3— 6,0) • 10-3 

1,70 -lO-^ 

(2,6—3,00) • 10-3 


En partant, au cours dej’etude de leurs parametres, de la constante 



ou a est la force thermoelectrique, o la conductibilite electrique, x la conductibilite 
thermique, il est possible, comme le montre relation 

AT = iZT^ ( 2 ) 

d’obtenir des differences de temperature de Tordre de 4T = 70° C, pour une 
valeur de z = 2,5.10-^ l/°C. et pour la temperature de I’extremite froide de la 
jonction T = 230° K. 

En liaison avec I’exploitation pratique de ces proprietes, la question de la sta- 
bilite des substances prep^rees, qui forment des systemes relativement compliques, 
est du plus haut interet. Les systemes Bi-Te-Sb polycristallins (de type p) sont 
relativement stables; par centre les systemes Bi-Te-Se (de type n) montrent les 
processus de vieillissement. 
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OBSERVATIONS TIREES DES EXPERIENCES EFFECTUEES SUR 
LES SUBSTANCES DE TYPE'N 

Des changements de proprietes electriques ont ete observes au cours des ex- 
periences (acroissement de ia force thermoelectrique a, diminution de la conduc- 
tibilite electrique a, d’ou decoule une variation de la conductibilite thermique 



5 10 IS 20 2S X 

Tpaun] 


Fig. 1. Les changements de la conductibilite electrique o et de la force thermoelectrique a 
sur les substances de type n. 



7[i»un] 


Fig. 2. Les changements de la constante de Hall R, de la mobilite }jl des porteurs libres du 
courant et de leur concentration n. 



, 7[/ounJ 

Fig. 3. Les mesures des grandeurs a, a et R apres le traitement thermique. 

totaie des substances) sur des echantillons de substances polycristallines de type n, 
preparees par synthese dans une atmosphere d’azote, a une temperature de 720° C. 
et ensuite par refroidissement spontane.a la temperature du laboratoire. 

Les changements de la conductibilite electrique o et de la force thermoelectrique 
a mesures^ sur ces substances se sont manifestes au' cours des experiences qui ont 
dure environ 30 jours a la temperature du laboratoire. Ces deux grandeurs se sont 
relativement stabilisees au cours des 30 jours des experiences (fig. 1). 

Paralellement a la mesure de la conductibilite electrique des substances, il a 
ete precede a la mesure de la constante de Hall R, dont Failure est donnee a la 
fig. 2. 

II ressort de Failure des trois grandeurs observees que la variation indiquee est 
la plus intense au debut des mesures, immediatement apres la preparation des sub- 
stances. 

Par centre, lorsque la substance etait soumise au traitement thermique a 400° C., 
pendant 24 heures, dans un tube scelle, nous n’avons pas observe, au cours des 
mesures des grandeurs a, o et R, de variations (fig. 3)/ 

^ La force thermoelectrique a ete mesuree contre la platine, la conductibilite electrique et 

la constante de Hall ont ete etabhes en courant alternatif de 20 c/sec. 
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DISCUSSION DES RESULTATS OBTENUS 

' 1° La question qui se pose est de connaitre les causes respohsables des variations 
des grandeurs o et <x. La naobilite des porteurs du courant /r etant egale au pro- 
duit de la constante de Hall R par la conductibilite electrique o. 

/I = R- a (3) 

nous en tirons la conclusion que la grandeur /x 90 cm-/V sec ne varie presque 
pas au cours du processus de vieillissement (fig. 2). Son accroissement nest que 
de I’ordre de 5 %. Par contre, la concentration des porteurs libres du courant n, 
donnee par la relation 


n = 6,25 ■ 10‘» 4 . (4) 

R. 

diminue de sa valeur initiale n 8,5. cm-^ pour atteindre la valeur n = 

5,0.10^® cm-3 a Tetat final. II ressort done de nos observations que la diminution 

de la conductibilite electrique par vieillissement n est pas due a la modification de 
la mobilite des porteurs du courant, mais a une diminution de la concentration 
des porteurs libres du courant. 

Cette conclusion est en accord avec le fait que la valeur de la force thermo- 
electrique a augmente au cours du processus de vieillissement. 

Prenons alors I’equation 

— (5) 


u ^ A. hi 2, 

e 


27im*kT 




ou k est la constante de Boltzmann, 
e la charge elementaire, 

A la constante dependante de la forme de la dispersion des porteurs libres n, 
;A/*leur masse effective, 
h la constante de Planck. 

En substituant dans cette equation a n (4), les valeurs mesurees et en supposant 

m* 

que A = 2, = 1,3 on arrive a un accord satisfaisant avec les experiences. 

m . 

Dans le cas de substances soumises au traitement thermique la concentration des 
porteurs libres du courant ainsi que leur mobilite restent inchangees (fig. 3). 

2° Une conclusion concernant I’appreciation de I’infludfice de ces processus au 
rendement de la conversion de I’energie dans les jonctions Peltier peut etre tiree 
des resultats signales plus haut. Le rendement de cette- transformation depend de 
la grandeur z (1). 

En nous rapportant a la courbe figurative du produit aV au numerateur de 
cette constante (fig. 4), nous observons une diminution partiell'e de cette constante, 


-j, 

•fo r 



5 10 IS 20 25 30 

. tfitun J 

Fig. 4- Les changements du produit a^o et de la constante z. 
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drconstance avantageuse pour le rendement de la conversion. De son cote, la con- 
ductibilite thermique dans le denominateur de (1) diminue aussi, car sa compo- 
sante electronique Xai tiree de la relation [1] 




( 6 ) 


ou ?cf est la conductibilite thermique du reseau, 

est liee a la conductibilite dectrique a, en vertu de la loi Wiedemann-Franz 
par la relation 


= — l,5)-10-«(r (7) 

Etant donne que a decroit, xd decroit egalement ainsi que x [16]. De ce fait 
nous observons une augmentation partielle de la constante z (fig. 4). 

Ioffe et Stilbans [1] ont deduit la relation suivante existant* entre la constante 
z, la mobilite et la conductibilite thermique du reseau 

Apres substitution,^ restant pratiquement inchange au cours du processus in- 

dique, il semble que les processus qui ont lieu au cours du vieillissement des subs- 
tances etudiees, n’ont pas une influence directe sur la diminution du rendement de 
la transformation de Tenergie dans les jonctions Peltier. Bien au contraire, ces pro- 
cessus ne peuvent qu’ avoir une influence favorable sur leur rendement. 

3° II nous reste encore a traiter la question de savoir quelles sont les causes 
qui pourraient influencer de facon defavorable le processus de vieillissement deja 
decrit. Etant donne que la grandeur a des substances varie au cours de ce processus, 
car elle decroit, les parametres de construction des piles de refrigeration varient 
egalement. II est alors necessaire d’adapter reciproquement les sections S„ et 
d’apres la relation 


M- 


(9) 


' A 4* ■ ■ ■ bn 

ou M == — 

de maniere que ces piles soient traversees par le courant optima, necessaire a 
I’obtention de la difference de temperature exigee et a la realisation de la puissance 
de refrigeration. Les indexes n et p dans la relation (9) sont rapportees aux sub- 
stances de type n et p. 

Lorsque la diminution de cr au cours du processus de vieillissement est meme 
de I’ordre de 35 %, une telle- diminution est deJa substantielle pour le fonctionne- 
ment d’une pile construite.'Mais comme il ressort de nos resultats, il est possible 
d'eliminer cette difficulte par le traitement thermique des substances preparees. 


CONCLUSIONS 

‘ L’etude du processus de vieillissement des solutions solides de type n de composes 
semi-conducteurs de systemes Bi-Te-Se montre, que pour Tutilisation des proprietes 
thermoelectriques de ces composes, qui forment des systemes relativement compli- 
ques, il est necessaire de faire attention a leur vieillissement. En construisant des 
jonctions Peltier pour la refrigeration avec les parametres optima, il faut tenir 
compte de ce processus. 
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Je tiens egalement a reriiercier M. I’ingenieur Smirous qui a bien voulu preparer 
4^substances necessaires aux experiences. 
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Operation of Mechanically Refrigerated Railway Trains in the U.S.S.R. 

Experience sovietique en matiere d exploitation des trains frigorifiques. 

SH. N. KOBULASHVILI 1 M. S. MARTINOV,2 and M. M. SHAPOVA- 
LENKO-' 

U.S.S.R. 


SOMMAIRE. he transport des denrees perissables en U.R.SS. est caracterise 
par les longues distances a parcourir. En autonne et en hiver une grande quantite 
d* aliments est transport^ dans des voitures chaujfees. 

Au cours des dernieres annees le refroidissement mecanique et le chauffage 
electrique des voitures isolees therniiquement sont devenus de plus en plus im- 
portants. Depuis 1933, les chemins de jer sovietiques ont mis en service des trains 
frigorifiques composh de 23 voitures chacun. La capacite de chargement totale 
d'un train est de 600 1. L equipement est destine au transport des aliments d des 
temperatures de -10° a 6° C. ,pour des temperatures ambiantes de 30° C. a -43° C, 

Depuis 1937, des sections frigorifiques, composees de 3, 3 ou 12 voitures 
chacune, ont ete utilisees pour le transport de petits chargements. La longueur 
de la caissee des vehicutes a ete portee a 17 m; P isolation thermique a ete ame- 
lioree et le materiel fonctionne automatiquemenU Les sections de train sont desti- 
nies au transport des aliments pour les temperatures suiv antes: sections de 12 
voitures: jusqu'd -13° C.; sections de 3 voitures: jusqu’d -18° C.; sections de 3 
voitures: fusqu’d -20° C. (temperature ambiante de 33° C.). 

Les trains et les sections de trains conviennent d toutes les sortes d^aliments 
sauf aux carcasses de viande, Lentretien mecanique des voitures est effectue dans 
des chantiers specialises et des ateliers de reparation. Le prix de revient net du 
fret ne depasse pas celui des wagons d refroidissement par glace ordinaires. Dans 
les scetions de trains, il est un peu plus eleve mais il est encore avantageux du 
point de vue economique si V on consider e que les aliments sont mieux conserves 
et livres plus rapidement. 

Pour la periode de 1939 d 1963, on projette une augmentation considerable 
du pare de wagons frigorifiques. 

The transportation of perishables in the U.S.S.R. with its vast territory is 
characterized by long distance deliveries. 

The average distance of transporting perishables in the 3rd quarter of 1958 
was: fresh fish - 2974 km, salted fish - 3096 km,' meat and meat products - 
1370 km, fresh vegetables - 1126 km, apples - 1471 km, other fruits and berries 
- 1477 km. 

Large lots of fresh fish are transported from the Far East to the Urals and 
the central regions of the European part of the country over a distance of 7 to 
10 thousand kilometres, while fruits are delivered 3 to 6 thousand kilometres 
from Central Asia, Transcaucasia and other regions. 

Railway deliveries are made in the U.S.S.R. under quite various climatic con- 
ditions. For instance, in the northern part of the country the mean monthly 
temperature of the air does not exceed, as a rule, from 17 to 20® C. while in 
Central Asia and in the South it reaches 30® C. and even on some days a maximum 
of 45° C. A considerable amount of perishables strongly affected by low tern- 

^ The Scientific Research Institute of the Refrigerating Industry of the U.S.S.R. 

2 Ministry of Railways of the U.S.S.R. 

^ The U.S.S.R. Scientific Research Institute of the Railway Transportation, Moscow, 

U.S.S.R. 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 

7-21 

ratures are transported at an outisde temperature of -45 50° C. in heated 

insulated cars. The long distances and the hard climatic conditions set high 
requirements to the refrigerated railway transport as concerns the system of de- 
livery on the whole as well as the technical means, and first and foremost 
the rolling stock. 

Refrigerated trains consisting of 23 four- axle cars each have operated widely 
on the railways of the U.S.S.R. since 1953. These trains were built in the German 
Democratic Republic on order and in accordance with technical specifications of 
the Ministry of Railways of the U.S.S.R. Each train consists of 20 refrigerated 
cars, refrigerating machinery car, a car housing a diesel electric station and a car 
for the servicing personnel. The trucks „of the cars are of the passenger car type 
that provide reliable conditions for operating the equipment. 

The equipment of the train is designed to maintain temperatures from -10° C. 
to 6° C. inside the cars at outside temperatures of 30° to -45° C. The cars are 
cooled by a brine system with two ammonia refrigerating units installed in the 
machinery car. The condensers of the refrigerating units are air-cooled and 
equipped with a 40.000 m^/hr fan each. The shell- and- tube evaporators have a 
35 m^ surface. The goods’ compartments of the refrigerated cars are equipped 
. with electric heaters having a capacity of 8 kw to a car. 

The electric motors of the refrigerating units a? well as the electric heaters 
are powered from three diesel-generator units installed in the diesel electric 
* station car. 

The refrigerated cars are equipped with devices for forced air circulation, 
plenum and exhaust ventilation and remote temperature control. 

The specifications of the train and of its main equipment are given in Table 1 
which also provides characteristics of the refrigerated sections to be discussed 
further. 


TABLE 1. SPECIFICATIONS OF REFRIGERATED TRAINS AND SECTIONS 


Nos. Specification 

Unit 

23-car 

train 

section 

12 cars 5 cars 

3 cars 

1. 

External length of refrigerated car body 

m 

15.0 

17.0 

17.0 

17.0 

2. 

Total length of train or section 

m 

373.0 

214.0 

91.0 

54.6 

3. 

Total tare weight of train or section 

t 

1035.0 

544.3 

221.0 

128.7 

4. 

Total load-carrying capacity of train or 
section 

t 

600.0 

399.0 

179.0 

113.0 

. 5. 

Total gross weight of train or section 

t 

1635.0 

943.0 

400.0 

241.7 

6. 

Loading volume of refrigerated car 

m® 

64.8 

78.5 

65.8 

75.0 I 

7. 

Overall coefficient of heat transfer of 
refrigerated car body 

kcaly ' 

m®hr°C. 0.32 

0.27 

0.27 

0.35 

8. 

Number of refrigerating units in train 

- 

2 

2 

10 

6 

9. 

or section 

Refrigerating capacity vof one refrigerating 
unit (at to = -15; t^ = 25; t^ = 30° C.) 

Stand. 

kcalyhr 

88000 

58400 

8800 

12000 

10. 

Total power of diesel engines in train or 
sections 

hp. 

260 

270 

180 

160 


The train is serviced by a team of 7 men: train chief, two diesel engine oper- 
ators, two refrigeration mechanics, an electrician, and a conductor of the servicing 
personnel car. 

Specialized depots are in charge of the technical servicing of the refrigerated 
trains, current repairs and annual overhauls, the supply of the trains with am- 
monia, fuel, water, brine, lubrication and spare parts, as well as the education 
and manning of the teams. Periodic inspection and small repairs during the run 
are performed by the crew. 
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The trains are supplied with fuel and lubricant during the run at special 
equipping stations, located at a 4 to 5 days’ distance from each other, and at large 
stations where the perishables are either loaded or unloaded. 

There is a special car-repairing plant for medium and general overhauling of 
the refrigerated trains. 

Over six years of experience in operating refrigerated trains has shown the 
stability and reliability of the power refrigerating and heating equipment, and 
illustrated the advantages of transporting foods in such trains as compared with 
iced cars. The most important advantages of refrigerated trains are their indepen- 
dence of stationary icing installations and the feasibility of running as a self- 
contained unit. The time necessary for delivering perishables was cut nearly in 
half as compared with the delivery in iced cars. This is mainly due to the elimin- 
ation of stops at icing stations which is performed every 24-36 hours, and the 
running of the trains according to a special schedule. The maintenance of the 
more favourable temperatures in the goods’ compartments of the refrigerated 
cars independent of the outside air temperature, allowed delivery from the" Far 
East, Central Asia and other distant regions of the country of products which 
could not always be preserved in iced cars. 

Refrigerated trains are used mainly for delivering large lots of perishables 
(train lots), as a rule over large distances. 

In order to reduce the empty run, the refrigerated trains on their way to the 
loading station are used for carrying packaged goods or empty tare which do not 
damage the inner equipment or affect sanitary conditions in the cars. 

The teams are replaced if necessary en route without waiting for the arrival 
of the train in its depot. 

The prime cost of delivering goods in refrigerated trains does not exceed the 
cost of transporting in iced cars, but the servicing and refrigeration costs are 41% 
lower. 

Proceeding from actually obtained data of a complete and loaded run, turnover 
percentage of empty run and speed of the run ^ the prime cost of delivering 
perishables in refrigerated trains- is characterized by the following data as com- 
pared with iced cars. 

TABLE 2. THE PRIME COST OF DEUVEMNG 
PERISHABLES IN REFRIGERATED TRAINS AS COMPARED WITH ICED CARS 


specification 

Unit 

Refrigerated 

train 

Iced car 

Total prime cost of 
delivery 

kopek/t km 

9.2 

9.2 

Including: 

Servicing and refrigeration costs 

kopek/t kill 

1.11 

1.89 


% 

12.0 

20.5 


The prime cost of delivering goods in winter with heating in the refrigerated 
trains is nearly one half that of iced cars as there is no necessity for special conduc- 
tors, and the utilization of the load- carrying, capacity improves by approximately 
20 %. 

In calculating the prime cost of transporting goods in refrigerated trains, the 
merits of speedy delivery and better preservation of the foods have not been 
taken into account. These advantages, that cannot be determined in currency, 
undoubtedly provide an additional economic effect. The prime cost of the delive- 
ries will be reduced with a further improvement of the operating properties of 
refrigerated trains and wider automation of their equipment. 

. Since 1957 refrigerated sections, consisting of 3, 5 and 12 four-axle cars each. 
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are used for transporting minor shipments. Tests have been completed on cars 
with individual mechanical refrigeration and electric heating. 

The car bodies have been lengthened to 17 m and the thermal insulation 
improved as well as the refrigerating equipment automated in order improve the 
technical and economic properties of the cars. 

Five and twelve car sections are built in the German Democratic Republic 
according to the technical orders of the Ministry of Railways of the U.S.S.R. and 
three car sections are built in the U.S.S.R. 

The following air temperatures are maintained in the cars during the run at an 
outside temperature of 35® C.; down to -15® C.'in a 12 car section, -18® C in a 
5 car section and -20® C, in a 3 car section. The equipment of the section allows 
also to cool fruits and vegetables in the car compartments from 25® C. down to 
4® C. in the course of 2-3 days after being loaded into the car. 

The specifications of the refrigerated sections and of their main equipment are 
given in Table 1. 

The refrigerated cars are heated by electric heaters that are switched on and 
off automatically depending upon the rated range of air temperture variations in 
the car. The capacity of the electric heaters is rated to maintain the temperature 
in the car above 12® C. at an ambient temperature of -45® C. 

The 12 car section consists of 10 refrigerated cars, a refrigerating machinery 
car, and a car holding the diesel electric station. The latter car also includes a 
compartment for the team. The section is serviced by a 5 man team. 

The section cars are cooled by 2 two-stage ammonia refrigerating units. The 
first and second stages are individual units. The refrigerating units are automatic- 
ally controlled by diaphragm and float valves. The refrigerated cars are equipped 
with brine coils. The brine is automatically fed to the coil of each car depending 
upon the required temperature of the air in the goods’ compartment. 

The goods’ compartments of 3 and 5 car sections are refrigerated by means of 
Freon-12 machines - two to a car. The refrigerating capacity of each Freon unit 
amounts to 75% of the maximum consumption of refrigeration per car. The goods’ 
compartment is refrigerated by a direct expansion air cooler. The refrigerating 
units are started and stopped either automatically depending upon the air tem- 
perature variations the compartment, or by hand (remotely) from the diesel 
electric station compartment located at the end of the middle car of the section. 

An additional air supply to the air cooled condensers is provided to facilitate 
operation of the refrigerating equipment in regions of high outside temperatures. 

The goods’ compartments of the cars of all the refrigerated sections are equipped 
with plenum and exhaust ventilation, forced air circulation and remote control of 
the temperature of the air and goods. 

The 5 car sections are serviced by a team of 3 operators and 3 car sections are 
manned by 2 operators. A compartment for the team is located at the end of the 
car adjacent to the diesel electric station. i 

Technical maintenance and repairs of the refrigerated sections are carried out 
by the same specialized depot and plant which take care of the refrigerated trains. 

The prime ^ost of the deliveries with cooling in the sections increases with a 
reduction in the number of cars. Preliminary data indicate that it increases by 
10 to 20% as compared with the delivery in refrigerated trains. However, this 
additional cost of delivery of goods in the refrigerated sections is compensated by 
the better preservation of quality as compared with transportation in refrigerated 
trains. 

Experimental samples of refrigerated rolling stock are subjected to thorough 
tests on the railways of the U.S.S.R. in order to determine their features with 
respect to operation and design. The thermal properties of the cars, data on the 
operation of the power and refrigerating equipment, the automatic controls as well 
as the design of separate units are all checked during the tests carried out by the 
U.S.S.R. Scientific Research Institute of the Railway Transportation. Manufac- 
turers are informed of the results of the tests and of definite suggestions before 
starting serial production of mechanically refrigerated cars. 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 



7-21 

In 1959-1965 many refrigerated railway cars will be added to the rolling 
stock of the U.S.S.R. railroads., Twenty-one car trains, with 17 m long cars, will 
be built rated for the delivery of perishables at an outside air temperature up to 
• 40° C. 


o 
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A New Iced Car with Overhead Cooling Equipment 

Un nouveau wagon refrigerant avec bacs refroidisseurs au plafond. 

M. S. MARTYNOV! and S. O. GOOSSEV^ 

Moscow, U.S.S.R. 


SOMAiAlRE. UU.RSS. n entrepris en 1958 la construction en serie de nouveaux 
wagons refrigerants d’ un type ameliore, de grande capacite, avec hacs refroidisseurs 
au plafond. Ces wagons mesurent 17 m de long; leur volume brut est de 117 
m et leur volume utile de 82 m^. Les parois exterieures, la toiture ainsi qu’une partie 

^ du chassis sont en acier special; le revHement interieur et le plane her sont en feuil- 

les d’ aluminium.' U isolation est realise e en panne aux ^^Mipore^^ emballes dans une 
enveloppe de ''Perfoil*\ Le coefficient global de transmission de chaleur de Ven- 
ceinte calorifugee est de 0,31 caljhjm^° C. 

L equip ement f rigor if ique comp rend six bacs refroidisseurs en acier inoxydable; 
leur surface totale refrigerante est de 74,6 m^ et leur capacite de 3,3 tonnes de 
glace concassee. Uh^acuation de la saumure hors des bacs est assuree par 4 dispo- 
sitifs speciaux qui maintiennent constamment son niveau aux de la hauteur 
du bac. La temperature moyenne a P interieur des wagons est maintenue d -7° C. 
par une temperature exterieure de +30® C., en utilisant un melange de glace et de 
sel a une concentration de 30%. Dans de telles conditions, la charge du melange 
glace -sel doit etre completee tous les trois jours. 

Le poids a vide d'un wagon est de 38,6 tonnes, et sa contenance de 43 tonnes. 

Par comparaison avec les meilleurs types de wagons refrighants, le cout du 
transport est abaisse de 3 d 8% et la qualite des denrees perissables est bien mieux 
preservee. 


The manufacture of iced cars with wall ice bunkers has been discontinued in the 
U.S.S.R. since the second half of 1954 and the production of four-axle 13.6 m long 
cars with overhead refrigerating equipment was commenced. * 

In 1957-58 iced cars of the same type, with a longer body (17 m long) and an 
increased thickness of the walls and roof were manufactured serially by the rail- 
way car building plants. 

Due to the use of low-alloy steel and bent profiled metal in the construction 
of the 17 m long cars the tare weight of the cars was somewhat reduced with 
simultaneous improvement of the thermal insulation as compared with the cars 
manufactured earlier. 

A new car was built and tested in 1958 with a view to further improving the 
specifications of iced cars with overhead refrigerating equipment. The inner wooden 
sheathing of the walls was replaced by corrugated aluminium sheets and the design 
of the thermal insulation was improved. 

The new improved type railway car is being built at present on a serial basis. 
The specifications^ of the car are tabulated below. 

A general view of the car is given in Fig. 1. 

The car frame is of welded low-alloy steel with a center sill channel. The body 
with the supporting outer metal corrugated coating of the walls is reinforced by 
means of vertical posts of bent profiled metal. The sheathing of the longitudinal 
walls and roof as well as the longitudinal joints of the roof are made of 2 mm 


! Ministry of Railways of the U.S.S.R. 

2 All-Union Scientific Research Institute of the Railway Transportation. 
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TABLE 1. iSPECIFICATIONS OF THE 1958 ICED CAR 


External length of body 

External width of body 

Thickness: 

of roof 

of walls 

of floor 

Floor space: 

complete 

piling 

Internal volume: 

complete 

piling 

Tare weight without ice 
Net carrying capacity 
Number of overhead ice tanks 
Weight of ice in tanks 


17.0 m 
3.03 m 


250 mm 
200 mm 
178 mm 


43.6 m‘^ 
41.3 m^ 


10 Body enclosure heat transfer coefficient 


117.0 m'^ 

82.0 m-^ 

31.6 tons 

45.0 tons 
6 

5.5 tons . 

0.31 kcal/m^hr^C, 


1 
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F/’g. 1 . A general view of an iced i 


thick low-alloy steel, while the supports and the frame are of the same metal 
4 mm thick. The face walls are covered on the outside with 3 mm thick steel sheets. 

The internal wall coating is made of corrugated (40 mm high vertical corrug- 
ation) sheet aluminium 2 mm thick. The sheathing of the ceiling is 16 mm boards. 
The aluminium sheathing is composed of separate sections fixed to the body frame 
so as to prevent continuous heat bridges. 

Perfoil packets containing Iporka boards, 134 and 230 mm thick respectively, 
are set between the sheathing of the walls and roof. Asphalted paper is set between 
the internal sheathing and the insulation packets. 

The car floor consists of an external 22 mm thick wooden sheathing coated 
with goudron and asphalted paper, a 12 mm thick middle and 45 mm thick upper 
flooring also painted with goudron. Perfoil packets with 96 mm thick Iporka 
boards are arranged between the external sheathing and the middle flooring. The 
upper flooring is coated with welded 2 mm sheet aluminium. 

The refrigerating equipment of the car consists of six stainless steel tanks located 
under the ceiling along the car. A longitudinal connection of the tanks by means 
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of pipes is provided for draining the brine into a drain device' The tank bottom 
and walls are made of 3 mm thick sheets, the cover being 2 mm thick. The total 
volume of the tanks is 10.5 m^, the area of the cooling surface amounts to 74.6 m*-^. 

Baffles of 4 mm thick pressed wood fibre boards are suspended under the tanks 
to remove the condensate from the external surface of the tanks and to direct the 
circulated air. Two hundred mm wide air circulation slots are provided between 
the screens along the longitudinal axis of the car and 80 mm wide ones between 
the screens and the longitudinal walls of the car. 

Metal drain pans are arranged under the lower ends of the screens to drain the 
condensate into vertical pipes engaged in drain pipes run through the floor into 
a hydraulic seal. 

A 1100 X 700 mm hatch for ice and salt with a two-fold cover and lever lock is 
located on the roof of the car over each tank. The covers are stamped aluminium 
boxes filled with Iporka and coated from below with zinc-plated metal. Thus the 
weight of each fold was reduced to 16 kg. 

Four overflow devices are provided for automatically draining the surplus brine 
and maintaining the level in the tanks not over of their height. For a complete 
drainage of brine and rinse water out of the tanks a valve is opened by hand. 

The height of the door opening is increased to 2000 mm. The angles of the 
door folds and the door frame are rounded for better tightness. The joints of the 
folds and the door frame are equipped with a double seal of rubber pipe and band 
rubber along the entire perimeter. 

The 100 mm high floor grids are made of metal. Two hatches are provided in 
the roof of the car for ventilating the loading space. 

The car is equipped with automatic coupling and double duty automatic brakes. 
The trucks are of the freight type but with softer spring suspension and roller 
axle boxes. 

• The mean air temperature in the car during the tests is given in Fig. 2. 



V 



Fig. 2. Temperatures recorded during the tests of the iced car. 1. Mean temperature of air 
in the car. 2. Mean temperature of the cooling surface of the tanks. 3. Temperature of am- 
bient air in the shade. 4. Temperature of ambient air on the sunny side. 
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The new iced car has the following advantages as compared with the 13.6 m long 
car of the same type: the loading, volume is increased by 25%, the tare-weight is 
reduced by 3%, the heat transfer coefficient of the body enclosure is decreased by 
41%. The temperature in the loading space has been reduced by 1° C. with the 
geometrical dimensions of the refrigerating equipment unchanged. 

The prirne cost of transportation of perishable goods is reduced by 5 to 8% 
in the new car due to improved loading and thermal characteristics. 



Behrndt bogtryk, Denmark 
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Refrigerating Equipment on the Vessels of the U.S.S.R. Fisheries Industry 

Materiel frigorifique a bord des bateaux de Tindustrie de la peche en 
U.R.S.S. 

E. G. PAVLOV^ and R. V. PAVLOV^ 

Moscow, U.S.S.R. 


SOMMAIRE. Le rapport traite des problemes jrigorifiques a bord des batteaux 
de Industrie de la peche de I'U.RSS., y compris les bateaux en armement, en 
projet on en cours de construction, ll etudie les caracteristiques des principaux 
types de navires allant en rner munis de systemes jrigorifiques: bateaux de phhe 
(cordiers, chalutiers moyens); bateaux de peche et de traitement du poisson (cha' 
lutiers, etc); ustnes flottantes (a auto-propulsion ou non); navires de transport 
(transport de reception, transport frigorifique) . On indique les besoins techno- 
logiques fondamentaux des systhnes jrigorifiques des navires: refroidissement 
des cales et installations de congelation, alimentation en glace. On donne le niveau 
de temperature desiree et la puissance frigorifique des installations d’aprh la 
classe du navire et ses dimensions. Dans la discussion des principes generaux pre- 
sidant au choix des machines jrigorifiques, on veille particulierement a la dhig- 
nation appropriee d*un fluide frigorigene, d'un niveau de temperature cotJvenable 
et des systemes jrigorifiques des differents types de navires atnsi que du materiel 
et du plan des installations jrigorifiques. On decrii les ele7?ients des machines fri- 
gorifiques (compresseurs, installations de congelation et materiel annexe). On 
donne des exemples de systemes jrigorifiques et de dispositifs autqmatiques 
adopth en se basant stir ceux choisis pour differents navires du type ‘^Pushkin**, 
** Mayakovsky** , ** Aktyobinsk** et autre s, en armement, en construction ou en 
pro jet. 

GENERAL INTRODUCTION 

Over 30% of the fishing vessels of the U.S.S.R. are equipped with refrigerating 
equipment. The installations for provision chambers are not included in this figure. 
A considerable increase in refrigerated fishing vessels is planned. 

Depending upon the regions and conditions of operation, the fishing vessels 
of the U.S.S.R. may be divided into four groups according to the use of refriger- 
ating equipment. 

1. Vessels with machinery to maintain the holds at to -2® C. for storing 
fish, usually in ice. Included in this group are medium sized trawlers with a 
300 hp main engine (SRT-300), trawlers with a 800-2000 hp ‘main engine (RT 
and BRT), and floating base vessels. The capacity of the refrigerating equipment 
is from 5.0 to 40.0 thousand normal kcal/hr depending upon the size of the holds. 
Freon 12 is used; the holds are cooled by direct expansion though sometimes brine 
cooling is applied. An example of a vessel in this group is a transport having a 
80 hp main engine. 

2. Vessels equipped with installations to maintain the temperature in the holds 
at -i® to -2° C. and for cooling fish. The group includes RB-150 fishing boats 
having a 150 hp main engine, medium sized fishing trawlers having a 600 hp 

State Planning Commission of the U.S.S.R. ' 
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(SRT-600) or 400 hp. (SRT-400) main engine, herring base and other vessels. 
The refrigerating capacity of the machines on these vessels varies from 40.0 to 
550.0 thousand normal kcal/hr. The holds are cooled by a brine system (RB-150, 
SRT-400, floating base vessels) or by a ductless air system (SRT-600). Freon-12 
or ammonia are used, the selection of the refrigerant being determined by the 
particular operating conditions. Characteristic of this group are the fishing boat 
(RB-150), and the herring base vessel, having a 5000 hp main engine, built in the 
Polish People's Republic. 

3. Vessels equipped with installations for freezing fish and other sea products 
as well as for maintaining the temperature in the holds at -JO® to -23° C. Inclu- 
ded in this group are large refrigerating fishing trawlers (BMRT) with a 1900- 
2000 hp main engine, free 2 ing fishing trawlers with a 1300 hp main engine 
(RTM), freezing fishing vessels with a 600 hp main engine (RMS) and other 
fishing vessels, refrigerator ships (self-propelled and tugged) and whale base 
vessels equipped with freezing units. The capacity of the refrigerating install- 
ations is up to 1400 thousand normal kcal/hr in the case of single-stage com- 
pression and from 500 to 600 thousand kcal/hr at tg = -40° C. with two-stage 
compression. Representative of this group is the large refrigerating fishing trawler 
Mayakovsky. 

4. Vessels equipped with refrigerating units destined only for the maintenance 
of low temperatures (-10'' to -18° C.) in the holds. This group includes refri- 
gerated transport vessels and barges equipped with various refrigerating install- 
ations and hold cooling systems. The refrigerating capacity of the installations 
reaches 400 thousand normal kcal/hr when operated on single-stage compression 
and 450 thousand kcal/hr in the case of two-stage compression at to = -30° C. 
Of particular interest among the vessels of this group are refrigerated diesel-elec- 
tric ships of the Aktyubinsk type, built in the U.S.S.R. 

In this paper we shall confine the discussion to a few topics of the above 
problem. 


SELECTION OF THE REFRIGERANT 

The use of Freon-12 on board vessels is certainly preferable to ammonia for 
safety considerations. However, the higher cost of the equipment and the more 
costly and complex operations are a serious obstacle for greater utilization of 
large Freon refrigerating machines aboard. Direct expansion is applied only in 
relatively small refrigerating capacity installations. It should be kept in mind 
that both ammonia and Freon refrigerating machines are installed in special 
compartments, isolated from the rest of the vessel, which considerably reduces 
the possible danger for the crew and the vessel, in the case of a breakdown of 
the ammonia installation. 

Ammonia refrigerating machines are more advantageous as compared with 
Freon machines from the point of view of the volumetric refrigerating capacity. 

The metal requirements of Freon machines exceed those of ammonia machines 
by approximately 130 to 150%, The specific refrigerating effect of ammonia is 
somewhat greater than of Freon machines. 

Exclusively two-stage ammonia refrigerating machines are used at present for 
obtaining low temperatures. 

Many hopes were set on Freon-22. The possibility of substituting ammonia 
by this refrigerant in single-stage cycles promised considerable simplification of 
the entire installation and a higher safety of operation. However, tests of one of 
the rnodels of a Freon-22 refrigerating machine have shown the following results 
{see the journal Kholodilnaya Tekhnika, (5), 24, 1958): at an evaporating 
temperature below -30° C. the specific refrigerating effect of a single stage 
Freon-22 compressor proved to be 25-35% lower and the power consumption 
25 to 35% higher than those of a two-stage ammonia compressor. The specific 
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metal requirements of an ammonia compressor are from 30 to 40% less than in 
the case of a Freon-22 compressor. 


REFRIGERATING EQUIPMENT 

Small Freon refrigerating machines of a 4000 to 25000 standard kcal/hr capacity 
manufactured in the Soviet Union comprise automatic condensing units, finned 
or bare-pipe cooling elements, or shell-and-tube evaporators. The operation of 
such machines on vessels has shown quite satisfactory results. 

High capacity marine refrigerating compressors should have a sufficiently 
deep crankcase and a submerged oil pump providing reliable lubrication of the 
compressor at sea rolling, and moderately sized pistons to facilitate repairs, that 
the compressor should have no more than four cylinders, and should be connected 
directly to the motor through a clutch. A series of refrigerating compressors has 
been developed by the Central Refrigerating Machinery Designing Bureau, 
meeting, on the whole, the above requirements and are being used on board 
vessels. 

The monoblock compressors are manufactured in various designs: vertical 
cylinder machines, the maximum cylinder bore being 200 mm, V-type four- 
cylinder machines and uni flow with a double crankshaft supported by two 
bearings. The compressors are driven by electric motors directly through a clutch. 



F/g. 1. A 200,000 standard kcal/hr single-stage ammonia compressor. 


Fig. 1 shows the AU-200 compressor manufactured at the “Compressor” Plant. 

A new two-stage compressor (model DAU-80) having a refrigerating capacity 
of 80.(^0 kcal/hr at t^^ = -40° C. and t^ = +30° C. manufactured at the “Com- 
pressor” Plant according to drawings of the Central Refrigerating Machinery 
Designing Bureau is shown in Fig. 2. 

Other two-stage ammonia refrigerating machines are also planned. 

Shell-and-tube evaporators are manufactured with one or two high vapour 
domes with built-in coils providing the superheating of the ammonia vapour. 
Such a design of the domes is aimed at decreasing the danger of liquid refrigerant 
getting into the compressor suction line. 

Condensers installed on board vessels are equipped with a deep liquid receiver 
thereby providing a hydraulic lock in the case of rolling and listing. 
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F/g. 2. A two-stage ammonia compressor having a capacity of 80,000 kcal/hr at -40'' C. 
evaporating temperature and +30" C. condensing temperature. 


LAYOUT OF REFRIGERATING INSTALLATIONS 

When designing a marine refrigerating installation the specific features of sea 
operations have to be kept in mitid, e. g., a possibly small amount of apparatus 
with a free level of the liquid; the necessity of locating the equipment so that 
rolling has a minimum influence upon its operation; protection of the compressors 
from hydraulic impacts, etc. All these requirements are met by the proper selection 
of the dimensions, shape and design of apparatus, the application of special con- 
trols, appropriate location of the machines and apparatus on board vessel, etc. To 
provide the most uniform refrigeration supply a marine refrigerating installation 
should comprise three or four machines. 

The layouts of ammonia refrigerating installations allow parallel operation of 
compressors with one or several evaporators and condensers as well as an applic- 
ation of smaller diameter pipes, as compared with Freon systems. In Freon 
refrigerating machines each compressor operates with a separate system of 
apparatus. 

Layouts of the refrigerated transport vessel Aktyubinsk are illustrated below as 
examples of existing installations. The vessels of this series are designed for 
transporting frozen fish at -18 to —20° C. in the hold. The displacement of the 
Aktyubinsk is 10,000 tons. There are 10 cargo compartments (holds and ’tween- 
decks) with a total volume of 8628 m^. The cargo compartments are cooled by 
bare-pipe single-row and double-row wall and overhead coils. The total refri- 
gerating capacity of the installation is 480,000 kcal/hr at -30° C. evaporating 
temperature and 30° C. condensing temperature. One of these machines is mainly 
a stand-by. The intercooling of gas is accomplished in a heat exchanger with water 
as a cooling medium. The advantage of the installation is in the simplicity of 
control and in the- absence of inter-coolers with a free level. 

A refrigerating installation with intercooling by means of water may be effi- 
ciently operated at an evaporating temperature as low. as -40° C. However, the 
refrigerating capacity considerably drops in this case while the power consumption 
is increased. It is most expedient, therefore, to use this system for an evaporating 
temperature of -25 to -30° C. 

For refrigerated vessels, designed also for fish freezing, two-stage refrigerating 
installations operating at an evaporating temperature of -40° C. and lower are 
required. Two-stage installations with complete intercooling are to be used in 
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such cases. The design of refrigerating installations of large refrigerated fishing 
trawlers of the Mayakovsky class is based on the above principle. The refrigerating 
installation of the vessel is designated to maintain -18° C. in three holds having 
a total volume of 1800 m^ and to freeze fish in two 15 tons per day freezing 
apparatus. The holds are cooled by wall and overhead brine coils, while the 
freezer coils are of the direct expansion type. 

The refrigerating installation (Fig. 3) consists. of three two-stage DAU-80 com- 
. pressors with a total refrigerating capacity of 240,000 kcal/hr. This installation 
operates with single-stage throttling and cooling of the entire amount of liquid 
ammonia in the intercooler coil. The liquid is supplied into the body of the inter- 
cooler by a thermostatic expansion valve. 

A freezer ship is being designed at present with larger holds having a 3600 m^ 
total capacity and two -25 tons per day freezing apparatus. 



Pig. 3. The loyout of the ammonia system on board large refrigerated fishing trawler 
Mayakovsky. 

AUTOMATIC CONTROL 

The problem of controlling the feed of refrigerant to the evaporator was most 
important. The choice had to be made from three types of automatic expansion 
valves: a low pressure float, a high pressure float, and a thermostatic. The therm- 
ostatic valve was preferred. Tests carried out under operating conditions and on 
experimental stands confirmed the correctness of the selection. The thermostatic 
expansion valve, adjusted for a moderate superheat, provided automatic control 
of the feed of liquid ammonia to the evaporator under all operating conditions 
within a wide range of refrigerating capacities. 

CONCLUSIONS 

1 The following types of refrigerating installations are most widespread for 
use on board ships: a) Small refrigerating capacity Freon installations providing 
a temperature in the holds -1° to -2° C.; b) ammonia and Freon high capacity 
installations for large vessels with high temperatures in the holds (-1° to -2° C.); 
c) two-stage low temperature ammonia installations, providing .-18° to -20° C. 
in the holds, using brine refrigeration; d) two-stage ammonia installations for 
vessels equipped with freezers, are manufactured for a ^0° C. evaporating tem- 
perature with brine cooling of the holds and direct expansion for the freezing 
apparatus. 
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2. The advantage of the Freon-12 refrigerant is greatly reduced due to the 
more complex operation and higher cost of the equipment. 

3. The expediency and necessity of substituting two-stage ammonia machines 
by single-stage Freon machines has not been confirmed as yet and requires sorhe 
serious experimental investigation. 

4. Intercooling by means of water is successfully used in two -stage refrigerating 
installations with evaporating temperatures from -30° to -33° C., while for lower 
evaporating temperatures intercoolers with ammonia subcooling coils are more 
suitable. 

5. Thermostatic expansion valves are successfully used for controlling the feed 
of refrigerant to the evaporator. 


Behrndt bogtryk, Denmark 
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The Use of Semi-conductor Thermometers for Measuring Low Tempera- 
tures 


Utilisation de thermistors pour la mesure des basses temperatures 
L A. PAVLOVA 

The Scientific Research Institute of the Refrigerating Industry of the U.S.S.R., 
Moscow, U.S.S.R. 


SOMMAIRE, Les thermomHres a resistance de semi-conducteur (thermistors) 
presentent un certain nomhre d’avantages essentiels par rapport aux therrnotnhres 
a r hi stance de metal : faibles dimensions, grande sensihilite, faihle inert ie. La 
. courbe des resistance termiques des therinistors descend le plus brusquement par 
de basses temperatures de O'" d -20° C. Des hudes poussees des thermistors effec- 
tuees par le VNlKhl pour des temperatures de +60° d -200° C. ont montre cette 
grande stabilite. 

U utilisation de thermistors s'est revHee tres utile pour la mesure de la temperature 
superficielle ainsi que de celle des tissus internes des divers aliments, Un instrument 
de ce type a ete mis au point au VNlKhl en 1957 et il est trh repandu actuelleinent 
dans les entrepots frigorifiques comme dans les labor atoires de recherche. Des 
instrufuents comprenant des thermistors, mis au point par I'lnstitut de Recherches 
Scientifiques de Leningrad pour la Mecanisation de L Industrie de la Pec he sont 
utilises pour la mesure de la temphature des prod u its de la phhe. 


Semi-conductor thermometers are volumetric non-linear semi-conductor resist- 
ances. The value of the electric resistance of these instruments is subject to a sharp 
drop at an increase of temperature. 

The main advantages of semi-conductor thermometers are in their high tempera- 
ture sensivity, small dimensions and, consequently, a low thermal inertia of the 
temperature pickup, and a high stability of the characteristics in time. Semi- 
conductor thermometers are usually manufactured of oxide semi-crystalline semi- 
conductors with a large negative temperature coefficient. The following materials 
are used for the manufacture of semi-conductor thermometers: cobalt oxide 
(CooOh), titanium dioxide (TiOo), carborundum (SiC), etc. [1]. 

Required values of the specific resistance as well as of the temperature coefficient 
may be obtained by changing the relation of the components included in the semi- 
conductor thermometer. 

Over thirty types of semi-conductor thermometers are manufactured in the Soviet 
Union. 

Various types of semi-conductor thermometers are designated for operation in 
diverse conditions, e. 'g., MMT-1 and KMT-1 are intended for use in enclosed dry 
rooms, MMT-4, KMT'4, EMT-1 - for use in conditions of high humidity and in 
liquids. 

The following parameters are of importance in semi-conductor thermometers: 

a) the value of resistance at 20°C termed “cold resistance”: 

b) the overall dimensions; 

c) the value of the temperature coefficient of resistance in per cent per 1° .C. 
This coefficient a is usually given for the same temperature as in the case of “cold 
resistance”, i.e. for 20° C. 

The value of the temperature sensivity B, determining the sensitivity of a semt- 
conductor thermometer in the entire range of its operating temperatures, is also 
given quite often. 
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d) the maximum permissible temperature up to which the characteristics of the 
semi-conductor thermometer remain stable; 

e) the maximum permissible power of dissipation, in watts, not causing destruc- 
tion of the semi-conductor thermometer; 

f ) the time constant t, characterizing the thermal inertia. - It is the time expres^d 
in seconds required for the temperature of the semi-conductor thermometer to 
change by 63% of the difference between its own temperature and that of the sur- 
rounding medium. This difference is most often accepted as being equal to 100° C. 

g) the specific heat in joules per 1° C. 

The characteristics of the semi-conductor thermometers, testifying to the clearly 
expressed dependence of the resistance upon the temperature, make them convenient 

for use as temperature pickups. The temperature coefficient, reaching -2 ~ — 6% 

with some semi-conductor thermometers, exceeds by more than 10 times the 
temperature coefficient of metals. 

The deviation of the actual value of the electric resistance from the nominal of 
the given type of semi-conductor thermometer by ±20% should be pointed out as 
a disadvantage of these instruments. 

The problem of using semi-conductor thermometers for measuring temperatures 
is highly influenced by the selection of operating conditions. 

An incorrect selection of operating conditions of the semi-conductor thermometer 
is followed by failures which are erroneously regarded by researchers as a property 
of the semi-conductor thermometers. 

This, in particular, concerns the problem of selecting such a current strength that 
would not cause noticeable heating of the semi-conductor thermometer. All types 
of semi-conductor thermometers manufactured in the U.S.S.R. are provided with 
static volt-ampere characteristics. 

The characteristic is linear in its initial part as there is no heating of the 
semi-conductor thermometer at a low current strength. 

With the strength of the current increasing, the temperature of the semi-conductor 
thermometer is raised above that of the surroundings and its resistance drops. 

The temperature-resistance curve is required for calculating the operating condi- 
tions of the temperature device. 

The dependence of the specific resistance of the semi-conductor q upon the 
temperature may be expressed within a not very wide range by an exponential 
equation (1): 


Q=AQ-eT ( 1 ) 

where Ao and B are constant values characterizing the properties of the material 
of the semi-conductor thermometer, T - the absolute temperature (in °K). It thus 
follows that the values of the electric resistance of the semi-conductor thermometer 
Rt (in ohms) at the temperature T will be: 


iB 

Ry* = A* eT 


( 2 ) 


where the constant A is equal to: 


A^ApS ( 3 ) 

1 - is the distance between terminals (cm) 

S-- the cross section of the semi-conductor thermometer (cm^). 

The values of the constants A and B are given in the certificates of the semi- 
conductor thermometers. • 
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To determine the expediency of using semi-conductor thermometers for measuring 
temperatures below 0® C., investigations have been carried out at the Scientific 
Research Institute of the Refrigerating Industry of the U.S.S.R..of EMT-1 bead-type 
semi-conductor thermometers. The temperature resistance curve as well as the 
stability of the characteristics of these instruments were formerly determined only 
for above zero centigrade temperatures. The temperature curve of the EMT-1 
semi-conductor thermometer resistance was investigated in the temperature range 
of from -78® C to- 20® C. 

All the measurements were performed by means of a five-decade high-ohmic 
precision potentiometer. A platinum resistance thermometer was used as a model. 
The temperature of the medium holding the semi-conductor thermometer being 
investigated was measured precisely within 0.005® C. 

A temperature curve was obtained of the resistance dependence for the EMT-1. 
bead-type semi-conductor thermometer in the temperature range from -78® C 
to 20® C. 

This curve, illustrated in Fig. 1, indicates the most expedient utilization of semi- 
conductor thermometers at subzero temperatures: its most steep part is within the 
range of -30 to -40® C. 

The stability of the characteristics of the EMT-1 semi-conductor thermometer 
was checked during 1958 every month. The semi-conductor thermometers being 
investigated were treated in the period between measurements with liquid nitrogen 
at -196® C. They were also periodically heated up to 100-120® C. in a dessicator 
and by means of electric current. 



Pig. 1. The curves of the temperature dependence of the resistance for the EMT-1 semi- 
conductor thermometer (specimens Nos. 1943, 1062 , 1084 ). 
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All the investigations have shown that the characteristics of semi-conductor 
thermometers remain constant wihtin 0.1° C. 

A semi-conductor device for rapid measurements of temperature in one or two 
points has been developed by the Scientific Research Institute of the Refrigerating 
Industry of the U.S.S.R. This instrument was designated, in particular, for 
measuring the temperature on the surface and in the thickness of frozen and cooled 
foods: meat, butter, cottage cheese, sour cream and even eggs. 

The semi-conductor temperature meter consists of pickups of the EMT-1 semi- 
conductor thermometer connected to an unbalanced Wheatstone bridge with a 
microammeter. 



F/g. 2. A general view of the semi-conductor temperature meter. 


A general view of the instrument is given in Fig. 2 which illustrates that the 
semi-conductor thermometers are inside special handles provided witK contact plugs. 
The latter are connected on one side with platinum terminals of the semi-conductor 
thermometer, and on the other side with the connecting wires leading to the bridge. 
There are two types of temperature pickups: 

a) a pickup for measuring the temperature in the bulk of the food. The bead- 
type semi-conductor thermorneter is .inside a special 1.5 to 2.0 mm dia. steel needle 
40 to 80 mm long. 

b) a pickup for measuring the temperature on the surface of food or some other 
substance. 

The semi-conductor thermometer is set in this case inside a special 1.5 to 2.inm 
dia. steel tube so that its head is' outside the tube while the platinum terminals 
are inside. 

The temperature meter - a 50 microampres microammeter graduated in degrees 
of the temperature scale, the Wheatstone bridge and the supplying battery are 
mounted in a plastic box. All the regulating and switching devices are mounted 
on the side walls of the box. 
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The operating principle of the instrument may be explained by way of an 
examination of its electric circuit illustrated in Fig. 3. 



F/g. 3- The electric circuit of the semi-conductor temperature meter. 


it is shown in the figure that the electric circuit of the instrument is represented 
by an unbalanced Wheatstone bridge. 

Three arms of the bridge: r 2 , Ty and t 4 are formed by constant resistance coils. 
The fourth arm n is a semi-conductor thermometer pickup changing its resistance 
in accordance with a change of the temperature of the surroundings. 

For control of the voltage of the bridge peaks, the resistance may be replaced by 
a temporary fixed resistance rs.by means of the switch ‘‘I”. 

The resistance rs is rated in such a wey that with the resistance switched into 
the bridge circuit the pointer of the instrument sets at the control red line of 
the scale. 

The instrument bridge circuit has been calculated according to the method of 
Thevenin. 

This fact causes an irregularity of the instrument scale. 

Analysis have shown that for precise measurements within 0. 1® C. in instruments 
with a range not exceeding 20° C. a sufficiently uniform scale can be obtained. 

The instrument developed by the Scientific Research Institute of the Refrigerating 
Industry of the U.S.S.R. had to have, according to the requirements of the industry, 
a scale from -40° C to 60° C. The instrument was made with two scales in order 
to reduce the irregularity of the scale as well as to make the measurements more 
precise. 

Calculations have shown that the i^ero reading of the scale approximately co- 
incides with 0° C. 

The instrument is switched from one scale to the other by means of the switch 
“2” (Fig. 3). When calculating the bridge, the current in the bead-type resistances 
was assumed to be equal to one milliampere in accordance with the considerations 
mentioned in the discussion of the problem of selecting operating conditions of the 
circuit. 

The voltage at the peaks of the bridge amounts to 1.4 V. 

The semi-conductor temperature meters described above were successfully used 
in 1958 under industrial conditions at ice cream factories for measuring the 
temperature of the ice cream and other foods as well as at cold stores for 
measuring the temperature in cooled and fro 2 en foods.^ 
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Several instruments that had been used under industrial conditions, were re- 
graduated at the end of 1958. 

The characteristics of the instruments proved to be perfectly stable. 

A new semi-conductor instrument with bead-type semi-conductor thermometers 
designed for measuring the difference of temperatures in two points was developed 
in 1958, 

The two temperature pickups were set in this instrument in the adjoining arms 
of the bridge. Besides the instruments developed by the Scientific Research Insti- 
tute of the Refrigerating Industry of the U.S.S.R., semi-conductor temperature 
meters of the KMT, KTE and other types designed at the Leningrad Scientific 
Research Institute of Mechanization of the Fish Industry have been used in the 
fisheries industry. 


REFERENCES , 

1. VERVEY, E. Oxide semi-conductors. Collection Gosizdat, Moscow, 1954. 

2. SHEFTET, I. T. Scmi-conductor thermometer. The State Physical and Mathematical 
Literature Publishing house, Moscow, 1958. 


Bohrndt bogtryk, Denmark 


Copyright reserved 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


5-8 

An Attempt to Create a New Ammonia Refrigerating System for a Multi- 
story Refrigerated Warehouse 

Essai de creation d’un nouveau systeme frigorifique a ammoniac pour un 
entrepot frigorifique a plusieurs etages. 

ALEKSY TCHORZEWSKI, Graduate Engineer 
ul. 20 Pazdziernika 767, Sopot, Poland 


SOMMAIRE. Dans I' introduction VA. traite d'un systeme frigorifique simple 
avec un reservoir tampon central place sur le toit d’un entrepot frigorifique. Ce 
systeme quelque peu demode est cependant encore utilise. DA. demontre Pineffi- 
cache de la comrnande manuelle, qui a pour consequence de noyer les conduites 
d’ aspiration des evaporateurs. D’ou il resulte une elevation de la temperature 
d’ evaporation. On peut pallter cet inconvenient en descendant le reservoir 
tampon au rez-de-chaussee, comme Pa fait PA. dans trots grands entrepots 
frigorifiques. 

ll est cependant possible d’ameliorer le systhne d’une autre fagon, en Habits sant un 
nouveau systeme frigorifique a ammoniac. DA dimontre que lorsqu’on augmente, 
a Paide de pompes, le debit de P ammoniac liqutde a travers les evaporateurs, leltquide^ 
fourni aux evaporateurs a la tetnpHature du reservoir tampon est d’ abord prHhauffe 
sans evaporation, puis commence a bouillir. Un nouvel accroissement du debit de 
P ammoniac liqutde (avec noyage des conduites d’ aspiration au niveau fixe a 
Pavance ) entraine un arrH total de P evaporation, A partir de ce moment le 
refroidissement ^ne s’effectue que par elevation de Penthalpie du liquide. La tern- 
perature moyenne de P ammoniac liquide dans les serpentins le plus proche 
possible de la temperature d’evaporation dans le reservoir tampon sera atteinte 
par reduction de la difference de temperature d Parrivee et d la sortie des ser- 
pentins. Cest possible par suite d’une nouvelle augmentation du debit du liquide. 
DA. pense que ce systeme frigorifique a sa valeur. Sans perte appreciable de la 
difference de temperature entre le mtlteu a refroidir et P indication au rnano- 
metre d’ aspiration, et sans dispositifs automatiques, cette solution permet de 
joindre les qualites des systemes frigorifiques directs et des systemes d saumure, 
d savoir: 1) Le reglage de Phumidite est rendu possible par reduction manuelle 
du debit du liquide, 2) Le degivrage est facilite par P utilisation d’ ammoniac chaud, 
3J D ammoniac liquide est moins corrosif et a une moins grande viscosite, et 
4) D ammoniac liquide des serpentins a une plus grande inertie thermique que 
P ammoniac en ebullition. 

Many multi-story refrigerated warehouses up until now use a refrigerating 
system as shown in principle in Fig. 1. It is a direct ammonia expansion system 
with a central surge tank on the roof of the warehouse. 

It requires an adequate ammonia feeding control for evaporators. Otherwise 
they may be overflooded, and the liquid ammonia will be pulled to a consider- 
able height up in the vertical suction pipe. The liquid ammonia will partially 
fill up the pipe. The flow of ammonia vapour will induce viol ant gurgitation 
of this liquid. The phenomenon is similar to that in an ammonia coil of a 
flooded evaporator. 

It is difficult to deduce the relationship of the static head from many factors, 
as we have to do here with a flow of a two-phase liquid. ,The static head in the 
vertical suction pipe involves a rise of evaporating temperature in the evaporator 
over the temperature of the liquid in the central surge tank. 

This means a loss of the output of the evaporator. 

On the other hand lack of liquid ammonia may involve as great a loss in 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 



Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


5-8 



Fig. *1 . A direct ammonia expansion system 
for a multi-story refrigerated warehouse 
with a surge tank on the roof. 


Fig. 2. A direct ammonia expansion system 
for a multi-story refrigerated warehouse 
with a surge tank and ‘an accumulator 
placed in the basement. 


output; this is the most frequently met in warehouses with manual liquid 
ammonia feed control. 

To compare different refrigerating systems from the above-mentioned point 
of view, it is advisable to introduce a factor of the effectiveness of cooling surface 
of the coil of an evaporator: 

The output of cooling coil attained 
I = Attainable output of cooling coil without static 
head and sufficient feeding with liquid ammonia. 

It should be possible to solve this problem by using automatic control of 
liquid feeding to the evaporators instead of manual control. Though this type of 
automatic control is widely used in all types of refrigerating equipment, as big 
refrigerated warehouses are considered, their application seems to be questionable. 
Big refrigerated rooms, loaded almost permanently with goods, are less access- 
ible for repairs and spare parts exchange. Control devices should be placed out- 
side of the refrigerated space in a ventilated room. The equipment appears to be 
much more complicated and expensive. To be dependable such large refriger- 
ating equipment should be as simple as possible. 

To avoid these difficulties, a refrigerating system based on the principle in 
Fig. 2 is sometimes used. The suction pipe is conducted down vertically to prevent 
the rising of the static head. The surge tank is placed beneath the lowest eva- 
porator. The feeding of the evaporators with ammonia is performed only by 
means of ammonia pumps. There is no problem of controlling the circulation 
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and distribution of liquid ammonia between separate evaporators, because the 
ammonia pumps used should have an overwhelming output. 

The author realised this system in big warehouses with full success backed 
by an 8 years’ experience. However it is very difficult to persuade investors of the 
dependability of this system, because in the event of damage to all of the 
ammonia pumps, there is no means for further running the equipment. 

However, there is another way to avoid the difficulties induced by the static 
head in' the suction line. 

Volatile refrigerants can actuate cooling of the coil surface not only, by 
evaporation but also by raising its sensible heat just as is done by brine. 

We return to Fig. 1. As the feeding of the liquid ammonia to the coil increases, 
followed by an increase in the static head in the suction line and a rise of eva- 
porating temperature, two zones in the coil of an evaporator arise. 

In the lower zone the liquid ammonia is warmed up from the temperature 
in the surge tank to the temperature of evaporation in the coil. In the upper 
zone the ammonia is evaporated at a temperature corresponding to the actual 
static head. The lower zone is continually, increasing, the upper is decreasing. 
Finally as the static head attains a definite value, the evaporation ceases, and the 
cooling of the coil proceeds further in the same way as with brine. In this system ^ 
the liquid ammonia, after leaving the cooling coil, is directed through the vertical 
pipe towards the surge tank. In the upper part of this pipe line it begins to 
expand progressively as it approaches the surge tank. Evaporation in the coil 
is replaced by expansion in the upper portion of the suction pipe and 'the surge 
tank. The relationship between the areas of the two above-mentioned zones 
of a cooling coil, and the general output of the coil, on one side, and the value 
of ammonia circulation through the coil, on the other side, by fixed evaporating 
temperature in the surge tank, and air temperature in the freezing room, and fixed 
static head, can be expressed by the following system of two equations: 

Nomenclature: 


F 


- Area of cooling coil 

e 

dimensionless 

area of warming up liquid ammonia zone 
total area of coil 

ki, kg 

kcai 

m2 . °C. • h 

- Heat transfer coefficient for the warming up 
and evaporating zones, respectively 

Ai, Ak ' 

kcal 

W~ 

- Increase of refrigerant enthalpy in warming 
up and evaporating zones respectively 

Ah\ Atg" 

°C. 

- Mean temperature difference of air and liquid 
ammonia respectively of air and evaporating 
ammonia 

G 

kg 

h 

- Quantity of liquid, ammonia fed to evaporator 
(liquid ammonia circulation) 

Q 

kcal 

h 

- Tqtal output of evaporator (coil) 


The following two equations can be deducted without further explanations: 

Qo = e • F • + (1 — e) • F • • ^2 == G {Aij_ + AQ (1) 

Ai^- {l—e)'At2^-k2 
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From these two equations we deduce the following relationship of Q respectively 
e from G: 


+ ( 1 — = 1 + 


( 1 - 


- e) • /d ^2 ^ * ^2 


e' 


(3) 


Fig. 3 gives a graphical interpretation of this equation for the following 
example: 



Fig, 3. The graphical interpretation of the relations between Q and ^ of the evaporative 
coil specified, on one side, and the ammonia circulation through the coil, on the other 
side. 


The coil, as in Fig. 1, of an area 16,8 m^ kj = = 10— temperature 

of the air -25° C., evaporating temperature of ammonia in the surge tank -35° C. 
-The difference of temperature, for simplification, is given as the arithmetic mean. 

Fig. 3 shows a series of straights, interpreting the function Q = f (G) for 
different values of static head in the suction vertical pipe (isobars). 

The ratio of growth of the output involved by the growth of the ammonia 
circulation {AQJAG) is greater because of the increased value of the static 
head. 

Another series of straights represents the function: 

£ = f (G) for the same values of the static head. They all are produced from 
equation (3). With the increase of ammonia circulation, the zone of evaporation 
and its output decrease. When e = 1, it means that when no evaporation occurs 
in the coil, equation (3) is simplified to: 

Q = G-^(, (I) 

As enthalpy of liquid ammonia is practically, in the actual scope, independent 
from pressure, the relation: 

Q = f/G/ - is now independent from static head. 

In Fig. 3 equation (4) is presented by the single curve A for all values of the 
static head. Point B determines the highest attainable output of the coil by eva- 
porating ammonia without the static head in the suction vertical line. By increas- 
ing the ammonia circulation through the coil at constant static head alongside 
the isobar, we reach first the point determined by the condition £ = 1 and then 
we proceed alongside curv^ A. The output of the coil is still increasing and we 
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are in a position to approach discretely the highest attainable output given by 
the ordinate of p,oint B by a corresponding increase of the ammonia circulation. 
The factor of the effectiveness of the surface of the coil at a certain point on curve 
A is determined by the ratio of ordinates of this point and of point B. 

It is obvious that the increase of G (ammonia circulation through the coil) 
is advantageous for the value of However we should not surpass some 
reasonable limit. For this limit we can accept the circulation of ammonia liquid 
measured in kg/1000 kcal. equal to the circulation of the brine CaCl 2 , sp. gr. 1,28, 
by -30® C. and by 2® C. temperature difference, namely 785 kg/1000 kcal. 
Then in the example above the limit of ammonia liquid circulation will be 
1320 kg NH 3 /h. The corresponding output will be 1585 kcal/h by temperature 
difference of liquid ammonia -1,11® C. and ^ = 0,942. It does mean the loss 
of only 5,8% of the active surface of the coil. 

Further we can deduce from the diagram, that in every refrigerating plant it 
would be advantageous to use only evaporative cooling in the coils, if it is 
possible to place the central surge tank low enough to prevent the creation of the 
static head in the vertical suction pipe; in a multi-story warehouse this can be 
done only on the upper floor by placing the central surge tank on the same 
floor. However, in the lower floors there are always favourable conditions for the 
creation of the static head because of lack of automatic liquid ammonia level 
control. We can work there on curve A with ammonia liquid circulation in the 
neighbourhood of the above-mentioned limit. It is also possible to use a mixed 
system: the above-described and the system in Fig. 2, by placing the central 
surge tank half way up the multi-story warehouse. Then all floors above the 
central surge tank will work on pure evaporation and below - on curve A - 
without evaporation. 



Fig. 4. A direct ammonia expansion system for a multi-story refrigerated warehouse fully 
flooded and operating without evaporation of liquid ammonia. 



Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 



Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


5-8 

On the other hand, the author suggests that all these mixed systems, involving 
different conditions of work on the individual floors, complicate the refrigerating 
equipment and engineering of them. It is more practical to abandon some 
negligible gains in the value of | for the cooling surface and to establish unified 
working conditions on curve A for all floors. Such a liquid ammonia refriger- 
ating system is presented in Fig. 4. The lay-out of this system is practically the 
same as for the system presented in principle in Fig. 1. Only the output of the 
ammonia pump and the diameter of liquid feeding pipe to coils are greater than 
in the system on Fig. 1. 

Apart from the fact that the refrigerating system described above effectively 
prevents the creation of a static head in the vertical suction pipe lines, it possesses 
numerous advantages. Together, they combine the merits of different systems 
now in use and permit treating this system as a separate one. These advantages 
are as follows. 


ADVANTAGES IN COMMON WITH THE DIRECT AMMONIA EXPAN- 
SION SYSTEM 

In the recommended liquid ammonia refrigerating system, the lowest liquid 
ammonia temperature in the cooling coils is equal to the evapbrating tem- 
perature of ammonia in the surge tank, and the highest temperature - very 
n6Ur the evaporative temperature as the specific heat of liquid ammonia is com- 
paratively great (1,07 kcal/kg®C.). 

This advantage is shown above in the numerical example. On the contrary, 
in the case of brine, its lowest temperature in the cooling coil is at least 3° C. 
higher than the evaporating temperature, and the temperature difference of 
brine 2° C. (compared to 1,11° C. in liquid ammonia in our example). The 
obvious thermodynamical advantage of the recommended liquid ammonia system 
places it in the nearest neighbourhood of the direct ammonia expansion system. 

Hot ammonia presents the simplest way of defrosting cooling coils. 

Ammonia is not corrosive. 

The viscosity of liquid ammonia is lower than brine. In the recommended 
liquid ammonia system, as well in every closed brine system, the head of the 
circulating pump is determined chiefly by the resistance to the flow of the 
liquid. 

With the low viscosity of liquid ammonia, the head of the ammonia pump 
and its power consumption should be small. 


ADVANTAGES IN COMMON WITH THE BRINE SYSTEM 

To stop cooling in a coil or a series of coils' in the recommended liquid ammonia 
system, it is sufficient to use only one valve on the feeding side of the liquid 
ammonia. Should the solenoid valve be used, it is enough to use 1 valve, compared 
to 2 solenoid valves needed in the direct ammonia evaporation system. The 
behavior of the cooling coil full of liquid ammonia after being closed on the 
feeding side is different compared to the behavior of an evaporator closed on 
both sides. In the last case, after warming up of the liquid ammonia present 
in the evaporator, the cooling effect of the coils ceases abruptly. In the first case 
after closing the valve on the feeding side of the coil, the liquid ammonia, filling 
up the whole coil, will be warmed up to the temperature of boiling under the 
existing static head in the pipe, and then the liquid begins to boil under dimished 
mean temperature difference of the air and the evaporating liquid. It results 
ni a milder air temperature curve, during the time that the series of coils is 
shut. 

By manual control of the ammonia liquid circulation, the level of the mean 
temperature of the liquid inside the coil and of the cooling surface can be 
changed or maintained. In this simple way the humidity of the air can be 
controlled. 
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The whole system is very simple. No automatic devices are needed for the 
distribution and control of the flow of the liquid ammonia. 



SPECIAL ADVANTAGES 

. Old direct expansion systems with manual controls as in Fig. 1 can be changed 
without considerable costs. The author’s aim in this paper is to present ^he 
principle of the liquid ammonia refrigerating system without going into details 
of the lay-out. 



Behrndt bogtryk, Denmark 
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Entrepots frigoritiques, standardises ou Individuels, polyvalents ou 
speciaux 

Standard or Non-standard Coid-stores; Multi-purpose or Special Plants. 

GEORGES GANGER 
Budapest, Hongrie 


SUMMARY. The freezing capacity in Hungarian cold-' stores was increased 
over the last 10 years "at a ratio 1:4.3, the floor surface of the rooms at -20° C., 
by 1:1.63, that of spaces at 0° C. was doubled. During the next 13 years, the 
present capacities will be still increased at a ratio of about 1:2.30. With such 
rapid development, it is necessary to study accurately the problem of the most 
economical use of investments. Two of the most important points in this connection 
are discussed: 

1. Must the new cold-stores have standard or non-standard design? 

The greatest savings in construction costs can be obtained by extended stan- 
dardization. But in a country of restricted area, it would be impossible to adopt 
it unreservedly without considering local requirements of production and delivery 
of the foodstuffs to be cooled and the purpose of some cold-stores. With such 
data, it seems more advisable to elaborate standard designs, and to put them into 
effect with a slight adaptation, required by the different local conditions. 

2. Must these plants be multi-purpose or special ones? 

Concerning the special conditions of production of the different foodstuffs in 
the country, the special cold-stores of prime importance are those processing 
poultry, meat and those for fruit. They must be provided only if they meet severe 
technological requirements, for their efficiency is less than that of multi-purpose 
coldstores. To secure the economical efficiency of investments, it is consequently 
necessary to build mainly multi-purpose cold-stores. 

Apres la fin de la deuxieme guerre mondiale, la Hongrie possedait trois entre- 
pots frigorifiques polyvalents a Budapest et quelques etablissements speciaux de 
capacite modeste en province, servant principalement au stockage de la volaille 
destinee a Texportation. Les premiers - dont Tun fut a sa construction le plus 
grand entrepot frigorifique de I’Europe - disposaient pour la plupart, de chambres 
d'une temperature de 0® C.; dans les salles de congelation,- a capacite d'ailleurs 
insuffisante, la temperature n’etait que de -8 a -10® C. Le refroidissement etait 
effectue a I’aide d’une saumure de NaCl, utilisee comme interriiediaire frigorifique. 
Dans ces conditions, le developpement de I’industrie frigorifique devait s’orienter 
vers les trois points suivants: 

- il fallait d’abord augmenter considerablement la capacite totale d’entreposage 
et notamment la capacite de congelation ainsi que la surface servant a I’entrepo- 
sage de la denree congelee; 

- il fallait ensuite generaliser la congelation a -35/-40° et le stockage a une 
temperature de -20® C. dictes par la technologic moderne; 

- puis, finalement, il fallait realiser cette augmentation de capacite par le 
systeme de detente directe du fluide frigorigene ammoniac. 

Nous avons done attaque.ces travaux de developpement, il y a dix ans; au cours 
des annees suivantes, nous avons construit plusieurs nouveaux etablissements, et 
agrandi quelques entrepots exist ants. Dans le meme temps, nous avons equip e, 
pour les basses temperatures, tous nos entrepots frigorifiques. Aussi, la capacite 
de congelation a-t-elle ete augmentee de 350%, la surface des chambres a -20® C., 
de 65% et la surface des chambres a 0° C., 100%. 

Au cours de ces travaux, nous avons realise de nombreuses experiences con- 


/ 
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cernant le choix de remplacement, le caractere polyvalent ou specialise de I’entre- 
pot, la capacite la plus appropriee, la disposition des chambres, la juste repartition 

de ces chambres selon les temperatures, les differentes solutions techniques, etc 

• Toutes ces experiences pourront etre utilisees lors de la realisation de nos futurs 
programmes. 

Mais en etudiant a fond les problemes de construction des^ entrepots frigori- 
fiques, de nombreuses questions techniques et economiques se sont egalement 
posees; leur solution est d'autant plus importante que, pendant les 15 annees a 
venir, nous avons Tintehtion d’augmenter de 130% la capacite atteinte a ce jour. 

La necessite d’utiliser au mieux les investissements s’impose done. La grande 
difficulte est que ces problemes ne puissent etre resolus par des methodes scien- 
tifiques a cause de leur nature meme, et en raison de la diversite comme du grand 
nombre des facteurs exergant une influence sur leur solution. Tout au plus peut- 
on les approcher, a I’aide de calculs d’economie ne considerant qu une partie des 
facteurs entrant en ligne de compte. Vu ces circonstances, la decision ne peut 
etre prise que sur la base de considerations plus ou moins subjectives de certains 
points de vue. A titre d exemple, je me refere a une seule question, discutee par tous 
les frigoristes qui s’occupent de la construction de nouveaux entrepots, e'est la 
construction a un seul niveau ou a plusieurs etages. Ce probleme, a ma connais- 
sance, n’a pas ete resolu a Faide de methodes scientifiques exactes, meme dans des 
cas concrets. ^ , 

Pour le moment, je voudrais seulement traiter deux questions d 'importance fon- 
damentale, a savoir: 

1°) les nouveaux entrepots frigorifiques doivent-ils etre construits suivant des 
plans standardises ou sur la base des projets individuels? 

2°) ces .etablissements doivent-ils etre congus pour une exploitation polyvalente, 
ou dans un but specialise? 

Selon mon opinion, ces deux questions gardent un' interet general, etant donne 
, que r augmentation de la capacite de .Findustrie "frigorifique est un probleme^ non 
seulement pour FEurope en general, mais pour le monde entier. Dans de nom- 
breux pays, la construction des entrepots frigorifiques nouveaux est realisee sous 
la direction d’organisations economiques, interessant toute Findustrie ou une partie 
tres importante de celle-ci. Ces organisations sont en mesure d’executer leur pro- 
gramme sur la base de principes uniformes, en assurant 1 utilisation la plus efficace 
des capitaux investis. Compte tenu de ces circonstances, il y a interet a etudier les 
■ questions posees, tant celle des constructions standardisees permettant une dimi- 
nution des frais d’investissement, que celles du caractere polyvalent ou special, 
decisives au point de vue du regime de Fexploitation. 

1°) Par projets standardises, on' entend une documentation technique englobant 
tous les details du batiment et de Fequipement-mecanique et frigorifique, sur la 
base desquels. on peut proceder a la construction, un nombre de fois indetermine, 
sans aucune modification., 

La construction sur la base de projets standardises presente des avantages 
considerables. Se rapportant a un seul entrepot, les frais pour Felaboration des 
projets sont sensiblement reduits; de meme, le temps nkessaire a ce travail^ est 
beaucoup plus court. En general, pour les projets standardises, les plans d^ailles 
sont etudies tres a fond, puisqu’au cours d executions repetees, les frais causes 
par tous ces moindres details se trouveraient multiplies. C’est ainsi qu’on etablit 
des plans meilleurs et plus economiques. Meme Fexecution est plus economique 
N par Femploi etendu de la prefabrication, etant donne que le prix de certains 
elements prefabriques revient meilleur raarche du fait de la quantite construite. 
Eventuellement, certains travaux d'assemblage peuvent etre effectues en fabrique, 
rendant ainsi la duree des travaux a pied d’oeuvre plus courte, et causant une 
certaine diminution des frais de construction. Les avantages des etablissements 
standardises apparaissent surtout quand on les construit en grand nombre et dans 
un ordre de succession tres rapide. 

Toutefois, ces avantages exigent la stricte observation de conditions fixees et 
contiennent de ce fait, le germe de certains inconvenients. La moindre modification 
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apportee a des projets standardises comporte le danger de reduire, ou meme 
d’annihiler completement les economies du cout de construction* dues a des exe- 
cutions repetees. , 

Les conditions standard fixees rendent aussi tres difficiles, voire impossibles les 
modifications qui pourraient etre rendues necessaires par Tetude des necessites 
et des donnees locales du milieu d’etablissement de I’entrepot frigorifique. Meme 
sans vouloir faire des concessions a la recherche de Tutilisation la plus favorable, 
on peut rarement se tenir rigidement a I’execution des plans standardises. 

D’autre part, il est evident quen etudiant le developpement du reseau des 
entrepots frigorifiques, et en basant ce developpement sur des executions stan- 
dardisees, un critere de premier ordre est celui des possibilites de [’organisation 
construisant et exploitant des entrepots frigorifiques en fonction de I’etendue du 
pays. On peut toutefois utiliser sans aucune crainte de§ projets standardises, si 
des services attendus des etablissements sont similaires. Mais les conditions locales 
des produits a traiter dans les entrepots frigorifiques, depuis leur production 
jusqu’a leur distribution, rendent desirable d’avoir un choix de plans standardises 
a disposition, afin de pouvoir adopter ceux correspondant le mieux aux besoins. 

En considerant ces donnees pour un pays d’une etendue comme celle de la 
Hongrie, la conclusion est ^a suivante: 

On peut admettre, sans etude approfondie, qu’il est avantageux, meme neces- 
saire, de prevoir des entrepots frigorifiques standardises d’une capacite modeste 
de quelques centaines de tonnes, pour des municipalites dont I'approvisionnement 
en denrees perissables ou I’importance de leur production exigent des possibilites 
de refrigeration. ^ 

La question des entrepots frigorifiques de grande capacite, a realiser selon des 
projets standardises, est beaucoup plus complexe etant donne que les avantages 
d’une- construction standardisee ne peuvent etre exploites a fond, vu le nombre 
relativement restreint de ces grands entrepots frigorifiques. II est en effet difficile 
de trouver plusieurs endroits presentant des donnees tellement similaires, que la ' ^ 

construction d’entrepots frigorifiques identiques y serait justifiee. Compte tenu 
des indications mentionnees ci-dessus, il faudrait aussi comparer les frais de 
[’elaboration des plans et de [’execution d%ne construction non standardisee, pair 
rapport aux depenses supplementaires d’exploitation pendant des dizaines d’annees, 
que causerait la construction d’un- entrepot standard qui ne tiendrait pas compte 
des exigences de ['exploitation locale. 

Il semble done preferable de construire des entrepots frigorifiques a grande 
capacite, de quelques milliers de tonnes, en ne se tenant pas strictefnent aux projets 
' standardises, mais en les adaptant avec le minimum de modifications possible, 
tout et conservant les principes generaux et les solutions les mieux choisies. 

C’est ainsi que Ton peut, par exemple, conserver les plans pour les liaisons 
de [’entrepot avec I’exterieur; pour la refrigeration des chambres; pour la conge- 
lation; pour le stockage des produits congeles; pour les salles de rechauffage,' 
les chambres de manutention et la salle des machines. De meme, pour les indica- 
tions concernant le choix et la pose du materiau isolant. De meme encore pour 
le schema de I’installation frigorifique, les plans des evaporateurs, diffuseurs 
d’air, etc. ... la pose des portes des chambres froides, etc. 

En conclusion, en ce qui concerne les grands entrepots frigorifiques, on peut - 
dire qu’au lieu d’etablissements standardises, on est arrive a des types mixtes, 
resultant d’un compromis entre les principes rigoureux de la construction stan- 
dardisee et la construction totalement independante. Mais, a mon avis, vouloir 
se tenir uniquement a la standardisation, dans les limites assez etroites de [’orga- 
nisation de I’industrie frigorifique, conduirait, en negligeant les exigences locales, 
a des pertes qui seraient certainement beaucoup plus grandes que les economies 
resultant de I’application de n’importe quelle standardisation. _ 

2 °) De meme faut-il construire les nouveaux entrepots frigorifiques en etablisse- 
ments polyvalents ou specialises? Il n’est pas moins difficile de repondre a cette 
question. Ces deux types se distinguent par leur equipement technique, et par la 
temperature a maintenir dans les chambres frigorifiques. 
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Les Etablissements polyvalents doivent assurer toutes les conditions necessaires 
pour la conservation a longue duree de toutes les denrees perissables. En pratique, 
cela signifie une temperature depassant de quelques degres le point de con- 
gelation^ jusqu’ a -23° C. dans les chambres de stockage, et jusqu’a -40° C. dans les 
tunnels de congelation, II parait opportun d’equiper une partie des chambres 
f rigor if iques, de maniere que chacune d’elles soit capable de stockage au-dessus 
du point de congelation, et a basses temperatures, selon les besoins. 

Par contre, Tequipement des etablissements specialises ne vaut que pour le but 
precis pour lequel il a ete prevu. Pour le stockage des fruits par exemple, une 
temperature de 0° C. suffit. Dans les etablissements a congelation ultra-rapide, 
il n’est envisage que des chambres d’entreposage a -20 -23° C. et des appareils 
de congelation. Les entrepots frigorifiques pour la volaille doivent etre equipes 
avec des tunnels a refrigeration, et a congelation rapide, ainsi qu’avec des 
chambres de stockage a basses temperatures. De plus, les etablissements specia- 
lises doivent etre pourvus des differents equipements necessaires a la preparation 
des denrees qu’ils doivent traiter. 

Les buts tres differents les uns des autres et la diversite des equipements en 
resultant, ont des consequences considerables quant a Tutilisation de ces etablisse- 
ments. 

Les Entrepots Frigorifiques polyvalents conviennent en general a tous les 
secteurs de la production des denrees perissables; en consequence, leur exploitation 
est assez uniforme pendant les differentes saisons, permettant une repartition 
avantageuse des frais d’operation, d’entretien et d’amortissement. 

Les Entrepots Frigorifiques etablis pour un but special ne sont utilises que dans 
la saison productive de la marchandise qu’ils traient; par consequent, leur exploi- 
tation est irreguliere et saisonniere. Les chambres de stockage pour fruits ne sont 
utilisees que pendant 6-8 mois, tandis que la saison des entrepots a volailles est 
encore plus courte. La saison de congelation ultra-rapide dure pendant 4 mois 
environ pour les fruits et 5 mois environ pour les legumes. Le cas est identique 
pour les entrepots frigorifiques d’abattoirs, bien que leur caractere saisonnier 
soit moins accuse. Ce sont seulement les etablissements specialises aux industries 
de la peche qui peuvent supporter la comparaison avec Texploitation des etablisse- 
ments polyvalents, a cause de la Constance de leur production. 

Je crois quil est inutile d’illustrer ces constatations par des donnees statistiques; 
mais je voudrais tout de meme mentionner, a titre d’exemple, quen Hongrie 
Texploitation annuelle moyenne des entrepots frigorifiques polyvalents - cest-a- 


dire le quotient 


totalite des poids stockes par jour 
365 X capacite totale 


atteignait en 1958 la valeur 


de 77,6%. A titre de comparaison, je rappelle que le coefficient d’utilisation 
general des entrepots frigorifiques publics en France a atteint 47,5% en 1956. 
On est arrive a cette valeur en Hongrie en utilisant pour le stockage a longue 
duree de la viande et des fruits presque uniquement des etablissements polyvalents. 
Un degre d’utilisation aussi eleve serait impossible a atteindre dans des etablisse- 
ments specialises. 

L’indice economique, mesure par le degre annuel d’utilisation moyenne plaide 
en general en faveur de la construction d’etablissements polyvalents. Mais afin 
d’apprecier cette question d’une maniere impartiale, il faut prendre en conside- 
ration certains arguments import ants qui ne veulent point accepter cet indice 
comme decisif. Toutefois, comme il n’est pas possible d’evaluer cette question 
avec chiffres a I’appui, qu’il me soit possible d’evoquer le probleme complique 
des entrepots frigorifiques standardises. Telles sont aussi certaines sujetions d’or- 
ganisation industrielle et les exigences formulees par la qualite des produits. Je 
voudrais citer quelques exemples, a savoir; les centres de la production des fruits, 
ou bien d'devage des volailles avec leurs besoins en refrigeration et en congelation, 
ne coincident generalement point avec les lieux de construction des entrepots 
polyvalents, dont I’etablissement se justifie dans les grands centres de consom- 
mation, c’est-a-dire dans les regions industrielles et dans les villes. D’autre part 
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ii est avantageux de soumettre au froid les produits a refrigerer et a congeler le 
plus pres et le plus tot possible du lieu de production, puisque la matiere premiere 
arrivera ainsi toute fraiche pour son traitement frigorifique sans avoir ete eprouvee 
par un transport. Cest pourquoi on ne peut pas se passer des entrepots frigori- 
fiques specialises, quoique leur exploitation soit Hmitee par des saisons plus ou 
moins longues. 

Considerant les circonstances particulieres de production des denrees perissables 
en Hongrie, parmi les entrepots frigorifiques specialises, la premiere place est 
occupee par les installations pour I’industrie des volailles; une grande importance 
doit etre donnee aussi aux abattoirs. Le developpement du reseau des installations 
pour le triage, I’emballage, la prerefrigeration, la congelation ultra-rapide et le 
stockage dans les regions a productions fruitieres, sera effectue sous peu. La pro- 
portion de la capacite entre etablissements polyvalents et specialises est de 83 a 17. 

Tout en cherchant la maniere la plus economique d’investir, on arrive a la 
conclusion qu’il est plus avantageux de developper dans la plus grande mesure le 
reseau des entrepots frigorifiques polyvalents. Ces etablissements n’assurent pas 
seulement la meilleure possibilite d’exploitation, mais a Tunite de capacite ils 
peuvent etre construits le plus economiquement car le nombre d’installations a 
construire est relativement eleve. II est aussi recommande de ne construire des 
entrepots frigorifiques specialises, egalement indispensables, que pour des capacites 
strictement exigees par des buts speciaux, rigoureusement technologiques, tel un 
traitement primaire par le froid avant refrigeration ou congelation, et tel un entre- 
posage temporaire. Dans ce cas, on ne doit prevoir qu'une capacite limitee aux 
besoins locaux, car il" est plus economique de transporter dans les entrepots fri- 
gorifiques polyvalents les denrees a Stocker, aussi tot apres leur congelation. 

Dans mon etude, je ne .voulais indiquer que quelques facteurs a considerer lors 
d’une decision a prendre en reponse aux deux questions que j'ai posfe. 

Comme suite a cette etude, il faudrait etablir une methode pour calculer exacte- 
ment I’economie resultant de I’emploi d’une solution ou de I’autre. Mais il faut 
bien admettre que les entrepots frigorifiques standardises ne peuvent remplacer, 
dans tous les cas, les etablissements construits sur une base individuelle, de meme 
que les etablissements polyvalents ne peuvent -remplacer les etablissements spe- 
cialises. 




Behrndt bogtryk, ^Denmark 
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Influence of Kinds of Soils and Ground-Water Conditions on Soil Freezing 
Progress and Frost-heaving 

Influence des natures de sols et de la presence d’eaux souterraines sur la 
congelation du sol et le boursouflement du au gel. 

RADZIMIR PIETKOWSKI, D. Sc., Professor 
Polytechnic University, Warsaw, Poland 


SOMMAIRE. _UA. a introduit qnelques modifications dans V equation de Ruckli 
pour le cas on il se produit une montee d’eau souterraine par capillarite pendant 
la congelation et il en a d hive une equation gnerale pour le calcul de la. congelation 
des sols a t&mperature de congHation constante. Les calculs effectues d Vaide de 
cette equation permettent aussi de determiner Vetendue a prevoir au boursouflement 
du au gel. 

Liquation derivee per^net de tracer deux courbes de congelation extremes: 
(a pour VeaUj et (b) pour un sol sature d'eau. Toutes les courbes inter mediaires 
relatives aux cas d' aspiration d’eau supplementaire par capillarite se trouvent entre 
les deux courbes extremes, 

Les phenomenes physiques qui apparaissent lorsque le niveau de congelation 
approche de la nappe phreatique obligent d proceder d des adaptations des calculs. 
On cite un exemple de calcul. 

Les courbes calculees pour divers sols, temperatures de congelation, hauteurs, 
d* aspiration de Leau et permeabilites ont permis de tirer de nombreuses conclusions 
pratiques sur le temps de congelation, dinsi que sur la possibilite de boursouflement 
du sol et sur son etendue dans differentes conditions, 

Le rapport comprend des conclusions resultant de nombreux calculs experimen- 
taux; les conclusions font ressortir les natures de sols et les conditions naturelles 
presentant un danger pour la construction d’ entrepots frigorifiques. 


A clear understanding of phenomena in soils under floor slabs of cold stores 
when inner freezing acts permanently is very important for designing of these 
buildings. Two main problems must be solved here; the speed of frost penetration 
beneath the floor in various soil conditions and the consequences arising with 
soil freezing. 

Following the priniciples and solution of R. Ruckli we can obtain the general 
differential equation by studying frost penetration during an infinitely srpall time 
interval dt (Fig. 1). 

This equation deduced^ by the author and varying in detail from an analogous 
equation of Ruckli has the following form: 


dj 

dt 


A 

TTs 


Bu 


where 


( 1 ) 


^2^// C n — — 0,045m^/Cj;^ 


^ Its deduction will be given in a special publication by the author on various cases of 
heat penetration in soils. 
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g _ + Q-0,545djCj. 

Cg^// + — 0,045/1^/C^ 

Notations: 

d'l and - temperatures: of acting frost and initial of ground, 

A-i - thermal conductivity of frozen soil 
I - frost penetration depth 
t - time 

s = 1,09 vdt + 0,09n| - frost heave 
n - porosity of a soil 

V - velocity of upward flow of moisture in soil 

C 2 , C^, Cl, - heat capacities, respectively, of unfrozen soil, of frozen soil, 
of ice, of water 
- latent heat of ice fusion. 

. As the heat capacities of mineral components of soil and water differ approxim- 
ately as 1 : 5, the frost penetration in water will proceed at a considerably slower 
rate than in soil even fully water- saturated. When, during frost action, the ground 
water will flow upward by suction, we will have a third case with intermediate 
freezing rate. 

In the case of freezing of pure water v = 0, as the water-suction does not 
occur, besides n = 1, s = 0,09 and equation (1) becomes 



Fig. 1. Frost penetration during an infinitely small time interval. 
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If the frost temperature, initial temperature of water, heat conductivity of ice 
and heat capacities of water and ice are known, then A becomes a definite con- 
stant value: 


— 


+ Q — 0,545Cl^j 

The equation (2) can be solved then as an integral: 



(f in cm, t in hours). 


For example, when = -10® C., =4-4° C., = 1, Cl = 0,45, — 80 in 

cal/cm^ • ®C, Aj = 19,3 cal/cm • h®C, it is obtained A = 22,35 and 


It must be added here, that rarely can we observe in nature such freezing progress, 
because generally snow covers the ice, to a great extent isolating it from frost 
penetration. 

The case of. freezing of pure water is a marginal case of the slowest frost 
penetration. On the contrary, water-saturated soils, but without any upward 
suction of water, present the most favourable conditions for frost penetration, 
compared with cases where the upward water suction arises. 

If water suction does not occur, v = 0 and for A in equation (1) after intro- 
ducing all respective values a definite value is obtained. 

Again the solution 


^ ]/ 2 * 1 , 09 ^ 
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f ig. 2. Frost penetration Depth a) water saturated soil but without upward suction; b) 
water saturated soil, water suction occurs from initial depth' of ground water table. 
H=1.2, 2.0, 3.0, 4.0 m. 
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is obtained, but the numerical value of A is another as in the case of water 
freezing. 

For example, assuming n = 0,40, = 19,2 cal/cmh^C., Q = 0,50 cal/cm^-'C 

Cg = 0,72 caycm3.°C, = -10" C, :r +8° C, A = 4,76 and | 3,03 Vt 

The results of the above computations can be shown by graphs (Fig. 2). 

The two margin curves illustrate the progress of freezing; a) of water (the 
lower curve), b) of a water saturated soil but without upward suction (upper 
curve). All intermediate curves relate to the cases when water suction occurred 
and initial depth of ground water table was respectively H = 1,50 - 2,0^— 3,0 - 
4,0. It must be pointed out that in conformity with freezing progress the distance 
between the frost boundary and ground water table steadily decreases. 

Computations illustrated in Fig, 2 were performed for a silty soil with perme- 
ability k ~ 9.10-® cm/sec. 

As it is known silty soils are the most sensitive for the upward flow of the 
moisture and produce the biggest frost heaves. This phenomenon was reasonably 
explained by Gunnar Beskow. 

Many computations have been made for various soils and frost temperatures 
and different ground water and moisture conditions. In every case the depth of 
frost penetration was studied for 15000 hours ^21 months. 

The expected frost-heave was computed by the simple formula: 

J = 1,09 I* vdt + 0,09«f 


A corresponding graph is shown in Fig. 3. 





P/g. 3. Frost heaves. Water saturated soil, water suction occurs from initial depth of ground 
water table. H=4.0 m. ^ ’ 


The results of many computations allow to deduce some important conclusions. 

1. If suction of ground water does not occur, the rate of frost penetration and 
consequently the frost heaves increase considerably with decrease of temperature, 
approximately proportionally to the square root of temperature expressed in "C 

2. A larger water content diminishes the freezing progress but different water 
contents practically do not influence the rate of frost heaves. 

3. The soil moisture = 20 corresponding to porosity n =: 0,35 can produce 
frost heaves 9,5 - 13,1 - 17,9 cm ‘when steady freezing at -5° — 10" — 20° C. for 
15000 hours is assumed. 

These computations were done for one dimensional (vertical) heat flow. As can 
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be observed here, the water saturated soil, even at limited porosity, can produce 
dangerous consequences. 

4. As ground freezing progresses, the upper frozen cover produces sorne 
isolation layer and consequently the rate of freezing decreases. This decrease is 
very important during the initial 2000-3000 hours, but afterwards decrease of 

value slackens. 

. dt 

5. The one dimensional heat flow can be considerably slackened if an isolating 
layer is introduced, but such a layer cannot stop frost penetration. Frost penetration 
can be cut off only by an artificial introduction of heat beneath the floor of a. cold 
store either by electrical heating or by flow of warmed air or water. The contri- 
bution of the earth’s internal heat is so small that it practically does not matter. 

6. Frost penetration can be limited to definite depth in two cases: a) when 
freezing acts periodically with sufficient -time intervals, b) when the ground floor 
is adequately small and the side affluent of ground heat becomes a significant 
value. 

7. Decrease of percolation rate in cohesive soils slackens somewhat the process , 
but does not remove the danger of frost heaves. This danger often arises in 
marly soils. 

All these remarks lead to the conclusion that only foundations on dry soils 
can secure cold stores against damages caused by frost heaving. 

Of course a uniform small heaving of the whole building cannot produce any 
harm, therefore the practical recommendations must aim either at avoiding frost- 
heaves at all or at admitting them small and uniformly spread. For the last 
solution foundations of building can be usefully designed of special stiffened con- 
struction, say, a reinforced concrete boxgrate of a height 3-3.5 m. 

Another possibility of advantageous solution is presented by a stiff block of 
soil formed under the cold-store by using, for this purpose, the cement or che- 
mical injections into underlying soils. Such a consolidated soil layer, has of 
course, to be of an appropriate thickness. 

The above exposed method of computation can be helpful in elucidating the 
value of expected frost-heave. Of course in these computations, it can be approx- 
imately taken into account that frost does not act only in a vertical direction but 
its action is dissipated by reason of heat afflux from the side ground. Such 
adjustment can be done by a reasonable decrease of value A in formula (1), 
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The Design and Operation of the Air Jacket of the Moscow Cold Store 
No. 12 

Conception et exploitation des chambres a doubles parois de I’entrepo frigori- 
fique no, 12 de Moscou 

V. Y. KOKOREV 

The Ministry of Trade of the RSFSR, Moscow, U.S.S.R. 


SOMMAIRE. Les fruit's jrais et les oeufs doivent etre entreposes dans des condi- 
tions telles que la perte de poids par evaporation soit supprimee et que la tempera- 
ture et le degre hygrometrique convenahles soient strictement respectes. 

De grand es quantites de viande congelee en quartiers ou en demis sont entreposees 
sans emballage etanche d la vapeur d’eau, et ceci demande egalement des conditions 
particulieres d'entreposage pour supprimer les pertes de poids. Uentreposage des 
denrees alimentaires perissables dans des chambres d double paroi est une des me- 
thodes les plus sures pour arriver d ce resultat. La chaleur exterieure est absorbee 
par Pair deladouble paroi. La perte d'eau est tres sensiblement diminuee, le poids 
et la qualite des produits alhnentaires sont sauvegardes. Les depenses de construc- 
tion de chambres froides d double paroi peuvent etre amorties au bout de deux 
ans d’ exploitation de Ventrepot frigorifique. Cest ainsi qu’d lentrepot N° 12, d 
Moscou, le cotit de realisation des doubles parois representait 3% seulement de la 
depense totale de construction et etait recupere au bout de 18 mots d' exploitation 
grace aux conomies realisees stir la diminution des pertes de poids des marchandises 
stockees et d la meilleure preservation de leur qualite. 

La presence de batteries froides dans les doubles parois permet de maintenir une 
temperature beaucoup plus uniforme. Chaque metre de longueur de la double enve- 
loppe est equips de 2,3 d 3 m^ de tubes d ailettes et, sous la terrasse, on a installs 
0,6 d 0,9 m^ de tubes d ailettes par m^ de plafond, Les installations sont Studiees et 
rSalisSes en vue d'obtenir dans chaque chambre froide des tempSratures diffSrentes. 
La description des chambres froides d double paroi de Ventrepot frigorifique 12 
de Moscou ainsi que les rSsultats dl exploitation sont donnSs dans le rapport. 


BRIEF CHARACTERISTICS OF THE COLD STORE 

The Moscow universal cold store no. 12 is designed for the storage of meat, 
butter, fish, fruits, eggs and other frozen and cooled products. 

The layout, cooling system, jacket, as well as the prefabricated structural ele- 
ments of the building were developed by the Giprokholod (State Institute for 
Designing Enterprises of the Refrigerating Industry) on the basis of suggestions 
made by and with the participation of 1. Badylkes, Sh. Kobulashvili, U. Krylov, 
P. Maximov, D. Rutov, V. Safonov and N. Tkachev. 

The total storage capacity of the cold store is 35,500 tons providing facilities 
for storing 27,240 tons of frozen foods and 8,260 tons of chilled products. Part 
of the rooms with a total storage capacity of 8,950 tons are convertible and may 
be used both for frozen and chilled foodstuffs. The freezing capacity of the freezer 
rooms amounts to 187 tons per day, including tunnel type quick- freezers with 
multiple aircooling having a 70 tons per day output. 

The cold store is a 6 story building with a basement. The building is divided 
into 11 vertical sections with an equal temperature maintained throughout each 
section. The elevators and staircases are located inside the building. The ware- 
hoiise has two parallel platforms: one 12 metres wide — along the railroad 
siding, the other one 8 m wide — for lorries. The length of each platform 
exceeds 150 m. 
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Due to the substantial dimensions of the platforms it is possible to rapidly 
unload RR vans and load lorries. Good operating conditions are thees also, pro- 
vided for electric stackers, trucks and other goods handling equipment. 

The refrigeration of the storage coolers is provided by means of the single- 
duct air circulation air coolers with ejector distribution of the air. 

The convertible chambers are equipped with combined air and coil cooling by 
means of air coolers and overhead coils. The latter are turned on when the room 
is used for storing fro 2 en foods. 

The storage freezers are equipped with overhead coils. The air coolers and 
overhead coils of the rooms are designed for the removal of only the internal heat 
gains: from the refrigerated products, lighting, opening of the door, work of 
the personnel, etc. 

The following temperatures are maintained in the rooms: 

convertible chambers 0° — -12® C 

storage coolers 4-4® — -2°C 

storage freezers -18® C 

In one of the sections of the warehouse the rooms are designed for storing 
frozen fish of particular fat species and cod liver; the temperature can be held 
down to -30® C. 

All the coils in the rooms and air coolers are made of finned pipes. 

A direct expansion ammonia system is applied in the rooms and freezers of the 
cold store. 

The operation of the . equipment of the rooms as well as of the refrigerating 
machinery is automated. 

THE AIR JACKET 

The loss of weight of the foodstuffs stored at the warehouse is in direct relation 
to the amount of heat penetrating into the cold rooms. 

it should be born in mind that by the loss of weight (shrinkage) of the food- 
stuffs not only quantitative losses are caused but also the quality is impaired due 
to the dehydration of the surface layer of the products. This, in turn, results in 
a reduction of the nutritive value of the foodstuff as well as a deterioration of 
its appearance, especially considering that a great many products (eggs, fruits, 
frozen meat, etc.) are stored at cold stores without a vapourproof packing. 

Each .1000 kcal of heat penetrating into the cold room is considered to cause 
a 150 g loss of weight of the stored products. The above considerations constituted 
the reason for constructing an air jacket which would absorb the heat gain from 
the outside before the latter penetrated into the cold rooms, while the internal 
heat gains (product load, operation loads, etc.) would be absorbed by the coils 
and aircoolers installed in the cold rooms. 

Each cold room has its own jacket that provides a more uniform refrigeration 
of the jacket and a possibility of maintaining various temperatures in the rooms. 
The jacket is formed by partitions located at 0.6 m from the outer walls (Fig. 1.). 



Pig, 1. The air jacket of the cold store walls. 

1-floor, 2-finned wall coil, 3'Outer wall panel, 4-mineral cork insulation, 5-inside wall, 
6-storage room. 
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Overhead finned coils are mounted in the jacket for cooling the air in it down 
to a temperature similiar to that in the respective storage room. 

The heat entering through the roof of the warehouse is absorbed by finned 
coils located in the floor of the garret (Fig. 2). 

The surface of the overhead finned coils located along the outer walls of the 
cold rooms amounts to 2.5 m^ per linear m of the jacket length and that of the garret 
coils to 0.6 m2 per 1 m^ of the cold room ceiling. 

The operation of the equipment installed in the jackets and cold storage rooms 
is automated. 

The cost of the jacket comprises approximately 3% of the cost of the structural 
part of the cold store. 

storage rooms reached a figure of 800 million kcal. Thus the jackets of the cold 

According to the data for 1958 the external heat gain of the jacketed cold 
store, having absorbed this heat gain prevented a weight loss of 800,000 • 0.15 = 
120,000 Kg of stored products. 

Calculations indicate that the cost of the jacket is compensated within 18 — 20 
months of operation. 

It has also been shown by the operation of the warehouse that the jacket permits 
prolonging the storage time for eggs by 1.5 to 2 months, thereby ensuring a more 
uniform supply of eggs to. the population during the year. 



1-central plate, 2-mineral cork insulation, 3-suspended ceiling, 4-finned coil located on the 
floor of the garret, 5-finned wall coil, 6-storage room. 


Specialists point out that products stored in jacketed rooms have a better sales 
appearance. 

Investigations and observations carried out by the Scientific Research Institute 
of the Refrigerating Industry of the USSR of the operation of a 500 m2 control 
chamber (the No. 31 cold room) at -18® C. indicated the following: 

1. With automatic control of the equipment a stable temperature was main- 
tained in the room and the temperature deviations in various parts of the room 
did not exceed -0.5® C. 

2. The relative humidity of the air averaged 97% during the entire period 
of the room operation. 

3- The weight losses of frozen meat (327 tons of meat were stored in the 
room) during the storage period amounted to: 
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Actual 

losses 

Losses rated for 
conventional cold 
stores 

Beef, 1st grade (stored from 29.1.1957 to 25.1.1958) 

0.78% 

1.67% 

Beef, 2nd grade (stored from 9.11.1957 to 28.1.1958) 
Mutton, 1st grade (stored from 29.1.1957 

1.24% 

2.18% 

to 27.1.1958) 

0.78% 

2.02% 


Many specialists considered previously that the jacket presented interest only 
for rooms storing fro2en meat and fish. However, further investigation of this 
problem illustrated the expediency of the jacket for chilled egg and fruit storage 
rooms. 

In the case of cold stores located in the southern regions of the country, the 
heat gain from the outside comprises 70% of the total refrigeration load and the 
jacket is one of the main means for improving the storage conditions for chilled 
eggs and fruits, fro 2 en meat and fish. 


Behrndt bogtryk, Denmark 


Copyright reserved 
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Technical and Economic Data on Freezer and Storage Rooms of Cold 
Stores 

Capacite d'entreposage et puissance de congelation 
N. F. TKACHEV 

The State Institute for Designing Enterprises of the Refrigerating Industry, 
Moscow, U.S.S.R. 


SOMMAIRE. Les marchandises entreposees en chambres froides doivent Hre 
gerbees de manme a ne causer aucun degdt ni aux magonneries ni d V equip e merit 
frigorifique, tout en utilisant au maximum la capacite des salles. Les marchan- 
dises doivent egalement etre facilement accessible s pour etre surveillees en cotirs 
d'entreposage. 

Ces conditions imposent quelques regies pour le chargement et V exploitation 
des chambres froides. Un espace doit Hre rigoureusement reserve entre les parois 
des salles oti les appareils frigorifiques et les piles de marchandises, de meme 
I' emplacement et la largeur des couloirs sont tres importants. Les donnees suivantes 
perrnettent de calculer. la capacite des chambres froides et des congelateurs: poids 
des cliff erentes denrees au m^ de marchandise gerbee; - disposition et charge admis- 
sible du reseau de rails aeriens; - distance entre les piles de marchandises et les 
parois ou appareils frigorifiques a Vinterieur des chambres froides; - emplacement 
et largeur des couloirs dans les salles; - duree de congelation de la viande et du 
poisson en fonction de la temperature et de la vitesse de Vair; — temps de charge- 
fuent et de dechargement des tunnels de congelation de viande; - hauteur admis- 
sible de gerbage dans les chambres froides. 

Les types de congelateurs suivants sont trh repandus dhormais dans les entre- 
pots frigorifiques: congelateurs avec dispositifs ejecteurs pour circulation d’air froid 
dans la chambre froide; - tunnels de congelation avec refroidissement de lair en 
plusieurs Stages; - congelateurs avec refroidisseurS d'air installes dans la chambre 
froide; - congelateurs dans lesquels la circulation de lair est horizontale. 

Les cacacteristiques de ces appareils sont examines de meme que leur encom- 
brement, la disposition des tuyauterics, la nature du metal employe, la consom- 
mation d’energie, etc. 

Data on the capacity of cold rooms and freezers allows food owners to use 
refrigerating capacity more efficiently, to correctly plan commercial operations 
and more exactly stipulate the quantities of various foods to be cooled, frozen 
and stored. 

Observance of the rules given under “Determination of cold room capacity” not 
only promotes more effective utilization of the refrigerating capacity but also elimi- 
nates the possibility of overloading or damaging the building constructions and 
equipment of the cold stores. 

DETERMINATION OF STORAGE ROOM CAPACITY 

Storage rooms are rooms of a cold store designated for the storage of goods 
under definite temperature and humidity conditions. The capacity of storage 
rooms is expressed either in cubic metres of their total refrigerated volume, or in 
cubic metres of the piling volume, i.e. the volume directly occupied by the goods. 
'' If it is necessary to characterize the capacity of the cold store in tons, the piling 
volume is to be multiplied by the weight of the goods stored in one cubic metre 
of this volume. 
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Following are the rates (tons per 1 of storage room piling volume) adopted 
in the U.S.S.R. for various foods: 


1. Beef frozen, non-standard cut 0.3 

2. Beef frozen, standard cut (quarters) 0.4 

3. Mutton frozen 0.3 

4. Pork frozen 0.45 

5. Meat and by-products frozen in blocks 0.65 

6. Fish fillet frozen, in boxes 6.55 

7. Fish frozen, in boxes 0.35 

8. Fish frozen, in baskets 0.3 

9. Fish large frozen, stacked 0.45 

10. Butter in boxes (24.5 kg) 0.65 

11. Butter in barrels 0.54 

12. Poultry in boxes 0.35 

13. Eggs in cartons or boxes 0.32 

14. Egg frozen in metal cans 0.55 

'15. Canned food in metal cans 0.6 

16. Fruits, cooled, in boxes • 0.34 

17. Fruits, dry frozen, in boxes 0.35 

18. Fruits, frozen in' syrup (cans in boxes) 0.54 

19. Cheese, small, in boxes 0.35-0.38 

20. Cheese, large round (stored on shelves) 0.4 

21. Other cooled foods 0.3 


The capacity of cold stores is rated in the U.S.S.R. also in tons (the ‘‘conventio- 
nal tonnage”). This is the amount of tons of frozen meat the piling volume is 
capable to hold. On the average for various kinds of meat this amount corresponds 
to 0.35 tons per 1 of the volume. The piling volume of the cold room is obtained 
by multiplying the piling area by the piling height. The piling area of the cold room 
is the area directly occupied by the foods and is equal to the total building area, 
less the areas occupied by the columns, equipment, passages and the distance 
between the stacks of goods and the building constructions and equipment of the 
cold room. 

The piling height is the distance from the floor of the cold room to the upper 
level of the stack of foods. 

It is recommended in the U.S.S.R. to observe the following distances between 
the stacks of goods and the building constructions and equipment of the cold 'room: 


1. From cold room walls to stack 0.3 m 

2. From beamless ceiling to stack 0.2 m 

3. From lower part of protruding beams to the stack in the case of 

beam- type floors 0.2 m 

4. From walls of air ducts to stack 0.3 m 

5. From wall coils to stack 0.4m 

6. From overhead coils to stack 0.2 m 


Passages 1.2 m wide are left in the cold rooms. When using electric fork trucks 
for stacking the goods the passages are. 1.4 to 2.0 m wide. 

Passages may be 'omitted in cold rooms having a capacity up to 100 tons. If the 
goods are to be stored in the cold rooms by the lots (grade, production of certain 
factories, separate owners of the goods, etc.), a 0.15 m distance is left between 
the stacks of separate lots. 

One passage along the wall or in the centre of the cold room is provided in rooms 
I having a width up to 18 metres. When goods are stacked in rooms more than 18 m 
wide passages are arranged at the rate of one passage per 15-18 m of the room 
width. 

If the passages are located along the walls of the cold room, the distance between 
the stacks of goods and the equipment or walls is included in the total 1.2 m width 
of the passage. 

Goods may be stacked directly along the walls in jacketed rooms if the walls 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


5-16 

are rated for such loads. Racks and shields are set in this case between the stacks 
of goods and the wall so as not to damage the surface of the walls. 

In some cases the piling volume of the cold room cannot be utilized fully as the 
building constructions (floors, columns, foundation) are unable to bear the weight 
load of the goods. Consequently, the carrying capacity of the building constructions 
is to be considered when determining the capacity and charge of the piling volume 
of cold stores. This consideration is to be taken into account especially in the case 
of old cold stores in which the fated load on the floors is much less. 

The percentage of the area occupied by the columns, passages and the distance 
between the stacks of goods and the building constructions and equipment of the 
rooms is in small cold rooms (20-100 m-) up to 35%, in average rooms (up to 
400 m2) about 30% and in large rooms (over 400 m2) - up to 20% of the building 
area. As the piling volume amounts to 0.9 of the cold room building height, the 
piling height will amount on the average to 0.7 X 0.9 = 0.63 of the total volume 
of the cold rooms. 

The capacity of chilled meat storage and freezing rooms is determined by the 
length of the overhead rails. The specific load per 1 linear metre of the rail for 
standard cut beef is 0.28 ton, for pork it ranges from 0.25 to 0.28 ton and for 
mutton it amounts to 0.25 ton. The length of the overhead rails (in metres) is to be 
multiplied by the specific load per 1 linear metre of rail in order to determine the 
capacity of such cold rooms. The height from the floor of the cold room to the 
overhead rail is to be not less than 3 m. The minimum distance from the extreme 
side overhead rail to the wall and other building constructions or to the equipment 
is to be 0.4 m. The distance between the centre lines of the overhead rails is to be 
not less than 0.8 m. 

Quick chilling and other auxiliary rooms are not included in the capacity of the 
cold store though they may be used for storing goods when not utilized for their 
particular destination. The capacity of these rooms is in this case rated in the same 
manner as When determining the capacity of ordinary storage rooms. 

Several units are applied at present in various countries for the determination of 
the capacity of cold stores. For example, in England and the U.S.A. the capacity of 
cold stores is rated in cubic feet, in France and Italy in cubic metres. In the U.S.S.R. 
the conventional tonnage is used, in the GDR and the FRG the m2 of the piling 
area, etc. 

Conversion factors for the capacities of cold stores expressed in various units are 
tabulated below. 

TABLE 1. CONVERSION TABLE 


Conversion factors 


Unit to be converted 

Into con- 
ventional 
tons 

Into piling 
volume 

Into piling 
volume 
cu.ft. 

Into piling area, m^ 

multi story single story 
cold stores cold stores 

Conventional ton 

1.00 

2.86 

101 

0.95 

0.5 

Piling volume, m^ 

0.35 

1.00 

35.35 

0.33 

0.18 

Piling volume, cu.ft. 
Piling area, m2 

0.0099 

0.028 

1.00 

0.0094 

0.005 

multi-story cold stores 
Piling area, m2 

1.05 

3.00 

106 

1.00 

0.53 

single story cold stores 

2.00 

5.72 

202 

1.9 

1.00 


The capacity expressed in the required units is obtained by multiplying the capa- 
city in the initial units by the corresponding factor. 

CHARACTERISTICS OF FREEZER ROOMS 

Freezer rooms are used at cold stores for freezing meaCin halves and quarters, 
by-products, fish, poultry and other foods. 
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The freezing capacity of freezer rooms is characterized by the amount of foods 
frozen per day and is expressed in ton/day. The holding capacity of freezer rooms is 
rated by the amount of meat simultaneously suspended from the overhead rails 
and is expressed in tons. 

The freezing cycle includes the time required for loading, freezing and unloading 
the food. 

The term "'loading time” usually includes also the time required for defrosting 
the coils and cleaning up the room. The daily freezing capacity C of freezer room 
is determined according to the formula 


where L is the holding capacity of freezer in tons (the weight of the food simul- 
taneously loaded into the freezer). 

T the duration of the freezing cycle, in hours. 

It takes from 2 to 2.5 hours to load and unload freezers having a capacity from 
5 to 10 tons, and from 3 to 3.5 hours in the case of 15 to 20 ton freezers. 

The following freezer rooms are widespread ^at present in cold stores, 

a) Tunnel freezers with multiple cooling of the air. These are rooms with inten- 
sive movement of the air and vertical blowing over of the meat at multiple cooling 
of the air during its subsequent flow through sections. The sections are formed by 
vertical partitions equipped with finned coils which are simultaneously applied as 
screens for intensive radiation upon the foods being frozen. Each section is provided 
with overhead rails. 

The movement of the -30 to -32® C. air in the sections at a velocity of from 3 to 
4 m/sec as well as radiation heat-exchange and maintenance of constant tempera- 
tures in the freezer allow to freeze meat quarters in 17-19 hours. 

b) Freezers with ejecting devices. The air, cooled in air coolers, is supplied in such 
freezers into the space between the main and false ceilings and then through nozzles 
into the freezing space where it is circulated over the meat suspended from over- 
head rails. The nozzles are arranged along the entire length of each line of over- 
head rails. 

From the freezing space the air is returned to the air cooler whereafter it is 
recirculated. The air coolers are installed in a separate room or. in the freezing space 
proper. 

The meat is frozen in 20 to 22 hours as it is located in the active zone of circula- 
tion of air at 2.5 to 3.0 m/sec velocity and a temperature of -30® to -32® C. 

c) Freezers with air coolers installed inside the freezing space. Such a freezer is 
usually a one bay wide room equipped with overhead rails and an air cooler instal- 
led at the wall (ordinarily between columns). Fans, mounted above the air cooler, 
supply air into the space formed between the ceiling and the overhead rails. Thence 
the air flows down and, passing over the meat, affects its freezing. The air is then 
fed to the air cooler and recirculated. Each bay of the freezer room is provided with 
a separate air cooler. 

It takes 22 to 24 hours to freeze meat quarters in such freezers at a 1 m/sec. 
velocity of -30° C. air. , 

d) Freezers with a horizontal air flow. The freezer consists of a freezing space 
equipped with overhead rails, and a room for the air cooler. 

Air, supplied by the fans into the freezing space, flows over the meat along the 
overhead rails and freezes it. After this the air is returned to the air cooler and is 
recirculated. 

Meat quarters are frozen in 18 to 20 hours at a velocity of the air from 3 to 3.5 
m/sec at -30 to -33° C. 

The data given in the paper may be partially included in the Cold Storage Guide 
being compiled by Commission 5 of the International Institute of Refrigeration. 

Behrndt bogiryk, Denmark ^ 0 Copyright reserved 
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Storing Chestnuts in Polyethylene Film Box Liners 

Entreposage de chataignes en caisses sous pellicule de polyethylene 
J. LIPOVEC, . 

Chief of Fruit Department Agricultural Station Maribor, Yugoslavia. 


SOMMAIRE. Lentreposage de chataignes fratches en caisses sous pellicule de 
polyethylene de 0 d -V" C., a ete entreprls avec succes. Les fruits re stent sains, frais 
et de bon gout, he stockage a plus haute temperature, par exemple a 4° C. ou plus, 
sous polyethylene est risque et peut entratner la depreciation de tout le lot. De mhne 
la conservation en bottes ou en cageots sans enveloppe de polyethylene entraine une 
dessiccation rapide et la depreciation. 


INTRODUCTION 

Chestnuts (Castanea sotiva L.) are well extended over a wide area in Southern 
Europe and are considered as an Atlantic-Mediterranean species. Their production 
is important also in Yugoslavia, where there are some nut plantations, and in 
addition particular chestnut forests, or chestnut trees are grown with other trees 
up to 1000 m above sea-levd. 

Fresh broiled nuts are very popular food widely consumed with wine mainly 
in October. Because chestnuts are highly perishable, they must be stored accord- 
ingly. Their consumption season is only one month. It would be useful to find out 
an acceptable method to store fresh nuts in order to prolong their storage life. 


METHODS OF STORING 

It is reported that under suitable conditions nuts can be stored from the time 
of harvesting to late April, which is necessary or desirable only in he case of the 
production of seedling trees. Such nuts could be placed in friction or slip-top 
metal cans after curing and stored at 30° to 32° F. [1]. During the last few years 
American scientists have introduced successful commercial packaging for more 
varieties of pears, apples, sweet-cherries and, under special conditions, also bananas 
and grapes with polyethylene film liners and cooling at suitable temperatures [2]. 

At Maribor Station we succeeded in developing a new storage method for fresh 
chestnuts. Selected nuts (with 1 % spoilage) at time of harvest were packed with 
2-mil polyethylene film box liner, which were not tied up, but left with an opening 
for a small amount of circulation of air. Packages were kept in cold storage at 
temperatures of 0 to -1° C., and also in the cellar, where in autumn the tempe- 
rature began at 13° C. and in winter it remained at 4° C. For comparison we stored 
also unlined nuts. 


RESULTS . , u . r-, 

After storage for 4 months we ascertained that cooled nuts in polyethylene film 
box liners at temperatures of 0 to -1° C. were sound, fresh and tasty. Spoilage 
increased from the initial 1 % to only 4 %. Nuts stored in polyethylene box liners 
in the cellar quickly began to be moldy and the spreading of decay did not stop 
at the temperature of 4° C., After cooking we found only 17 % sound, 10 % ger- 
minated and 73 % spoiled nuts. Nuts in the unlined boxes either in cold storage 
or in the cellar were dried out and bony, and spoiled. It also was found that the 
temperature of -3° C. did not influence the quality of nuts in polyethylene liners. 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 



4-63 


DISCUSSION 

The chestnuts packed with polyethylene box liners successfully kept back the 
moisture, reduced the rate of respiration and reached suitable percentage af COg 
concentration, which contributes to maintaining the quality. The loss of weight of 
lined nuts is about ten times less than of unlined nuts. Therefore it seems that the 
use of polyethylene liners combined with cooling is a successful means for storing 
chestnuts. More experimental work is needed in that field. It is recommended that 
cooling plants try the use of polyethylene box liners. 
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Physio-Chemical Properties of Boned Frozen Beef, Stored in —16® C. 

Proprietes physico-chimiques du boeuf congele conserve a -14° C. 

W. PEZACKI, B. CYBULKO, ST. NAWROCKI 
^ Wyzsaz Szkola Rolnicza, Katedra Technologii Miesa, Poznan, Poland 


SOMMAIRE, Uobjet de ce rapport est de determiner quelle sorte de boeuf desosse, 
hache, congele et conserve d —14° C. convient le mieux d la fabrication de saucisses 
ebouihantees non stabilisees. - U aptitude technologique a ete jugeed'apres les criteres 
suivants: pertes de poids, variations du pH, absorption d’eau, digestibilite par la 
pepsine in vitro, et degre de dissociation de Ca--, K‘, Na\ Conclusion: La viande 
maigre et la viande grasse d'animaux bien en chair sont le plus appropriees d la 
congelation sous forme de viande dhossee, hachee, constituee en blocs. La teneur 
en K. de Pexsudat est Pindice le plus sen’sible des variations se produisant au cours 
de Pentreposage. La viande ne convient plus d ce propos au moment ou le niveau 
de K. atteint une valeur d* environ 0,07 d 0,08 mg. 


Economical and technological reasons created a conception of freezing and storing 
of boneless meat, ground and shaped into blocks. As the biochemical composition 
of this material is differentiated, and as freezing and storage at low temperatures 
cause secondary changes in it, and as the criteria of usefulness for producing 
sausages are quite precisely defined, the meat technologist should, first of all, be 
interested in the question: Is every kind of meat suitable for freezing in blocks? 

As in other cases, the reply to this question can be obtained only .on the basis of 
observations of physio-chemical changes in meat of different qualities during 
freezing, storage at low temperature, and thawing. 

In order to be able to direct the processing of frozen meat into, e. g., non-stable, 
cooked sausages, and to organize processing scientifically, the technologist must 
know: 

1. What are the differences in bio-physio-chemistry of freezing, storage and 
thawing of meat, depending on the degree of fattening, age, sex and similar 
factors, which can be determined by an examination in vivo. 

2. Does the meat from different parts of the same carcass react to the above 

mentioned processes in the same way? . 

The questions thus formulated are the working hypothesis of the experiments 
described. These experiments refer in a way to the reports of literature. 

The meat of 9-11 year old cows was analysed. The animals chosen for slaugh- 
ter were divided into three groups: a) fattened, b) well-fleshed not fattened, and 
c) lean. The carcasses were chilled and stored at 6 to 1° C., relative humidity about 
90%. The chilled carcasses were then boned and divided into non-tendinous, 
tendinous and fat meat, which were then frozen separately. In order to facilitate 
chemical analysis and examination of the anatomic-histological structure, only some 
muscles, or groups of muscles were frozen, namely: 
for non-tendinous meat - the gluteus muscle, 
for tendinous meat - the sub-scapular muscle, 

for fat meat - the oblique, transversal and conical muscles of the abdomen. 

The whole experimental material was thus divided into nine quality classes. The 
meat of every class was then ground, pressed through 4 mm mesh net, formed into 
cylinders of identical dimensions, frozen for 24 hours at -22® C., and then stored 
for 9 months at -16® C. The physio- chemical changes in the meat were investigated 
after 2, 4, 6 and 9 months' storage, and compared with analyses performed before 
freezing. The samples were then thawed in air at +18® C. 
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Analysis of the bio-physio<hemical changes occurring in beef during 9 months’ 
storage has shown that these changes depend not only on the storage period but 
also on the initial biochemical structure. The general direction and quality of these 
changes are defined by the process of freezing and storage, and the quantitative 
deviations, their intensity, occurring in the identical technological conditions define 
the quality of the meat. In the analysed criteria the following deviations, connected 
With the chemical compositions and its physio-chemical state have been stated. 



1. Losses caused by drying in the frozen meat during storage depend 

not only on the total water content, but also on the way it is chemically bound. 
The water IS least stable in the meat of animals, whose fattening has not been 
finished that it was more stable in lean animals, and most stable in well-fattened 
and well-fleshed animals. Taking into account that fattening raises the level of 
protoplasmatic proteins to the physiological norm, one must state, that it is the 
hydrophily of globular proteins, that plays the most important role in regulating 
the losses of weight caused by drying during storage at -16° C. Only in cases 
where the protein content is lowered, the water bound electro-statically by sclero- 
proteins plays a more important role. 

2. Losses of weight during thawing are another component of the total loss of 
weight of frozen meat. The smallest losses of weight, caused by de- freezing 
occurred in the meat of well-fattened animals. The de-freezing losses depend 
primarily on the total water content, which is lowest in fat meat, and highest in 
ean meat. These losses do change during storage. In our experiments they decrea- 
sed after 4 months storage. 

The changes of quantity of thaw drip are accompanied by changes of its chemi- 
cal components. The greater its general stability, and the more proteins not soluble 
in water, the less nitrogen compounds, practically mainly proteins, are contained 
in the drip. The amount of nitrogen compounds, diffusing into the thaw drip 
decreases with time during 9 months storage. 
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TABLE 1. CHEMIC^ COMPOSITION OF EXPERIMENTAL MATERIAL 


Cows before 
slaughter 

Chemical 

component 


Meat 


Non- 

tendinous 

Tendinous 

Fat 

Fattened 

w 

74.01 

69.62 

66.29 

Well-fleshed 

b 

21.95 

20.48 

17.68 


s 

6.46 

7.92 

4.74 

Medium-fleshed 

w 

74.73 

70.40 ■ 

68.03 


b 

20.32 

19.71 

20.88 


s 

8.62 

11.46 

11.94 

Lean 

w 

76.61 

77.61 

74.06 


b 

19.38 

18.69 

18.41 


s 

8.30 

8.87 

10.02 


W-% of moisture; b-% of protein; s - % of protein not digested by pepsine. 


3. The hydrophily of meat as a result of freezing, decreases, and never recovers 
the level characteristic for the meat before freezing. The initial capacity of ab- 
sorbing and binding water is best preserved in the meat of fat animals, and it is 
worst in that of lean ones. The lowest hydrophily was stated after 2 to 6 months’ 
storage, depending on the quality of the meat. 

4. Chemical reaction is the criterion, which explains a number of changes, dis- 
cussed above. In all cases frozen meat becomes acidified at the begihning, and 
then again its reaction changed to alkaline. The transitory period of the change 
of reaction and its stability show, however, great differences. These differences 
prove that the intensity of autolysis depends on the condition of the animals 
prior to slaughter and on local chemical changes. Again, the meat of animals 
killed after fattening has been completed shows the highest stability, while it is 
lowest in that of middle-fleshed, but not fattened animals. The higher content of 
connective tissue does not only rise the initial pH value, but also stabilizes the 
medium. In the meat containing most muscle tissue, the reaction is the least stable. 
It becomes acidified in the shortest time, and the low pH values persist for a long 
time. On the other hand, in the meat containing more fatty tissue, acidification 
is the slowest and the slightest, but its alkalization is fast. 

The differences in the changes of reaction discussed above which occur during 
storage in meat of different classes are undoubtedly connected, first of all, with 
the initial glycogen stock in separate tissues of meat, and with its buffer capacity. 

The differences discussed in the thaw drip and hydrophily of meat of different 
classes can be explained by the changes of reaction, and its shifting towards the 
isoelectric point. In general, one may state, that e. g. hydrophily of meat increases, 
as the pH changes towards alkaline after long storage. 


5. Ability to be digested by pepsine. The analysis of results of ability to be 
digested by pepsine shows that this structure undergoes a considerable change 
during storage. The initial increase of the amount of proteins not digestible by this 
enzyme and subsequent increase of the proteins, digestible by it, are a result of these 
changes. Tendinous meat is characterized by an especially considerable decrease 
of digestibility. The digestibility of the meat of animals, whose fattening was not 
completed may,, after longer storage at -16*’ C, pass the index of usefulness of 
this meat before freezing. 

6. Drip caused by heat treatrnent. The losses of weight during heat treatment, 
caused by dripping of water together with chemical compounds dissolved in it, 
vary, depending on the initial quality of meat and on storage time. The longer 
the storage, the more scanty the drip, caused- by heat treatment. The decrease 
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TABLE 2. THE CRITERIA OF THE CHANG^ OF FROZEN BEEF OCCURING DURING 9 
MONTHS STORAGE AT -16° C. 



Cows before slaughter 

well- medium , Average 

fleshed fleshed 

Per cent of total losses 
of water 

n 3.0 5.7 4.7 4.5 

t 3.7 4.3 4.1 3.0 

f 4.2 5.8 4.7 4.9 

Average de- freezing 
losses of weight. 

Per cent of the weight 
of frozen meat 

n 10.1 12.2 11.8 11.4 

t 7.6 9.2 11.8 9.5 

f 3.8 6.7 7.3 5.9 

Average nitrogen Com- 
pounds Content in the 
de-freezing drip! Per cent 
of total content of 
nitrogen comp, in meat 

n 4.3 5.4 4.1 4.6 

t 2.9 3.4 4.0 3.4 

f 1.3 1.8 2.7 1.9 

Total pH changes of 
the water extract 

n -0.35 -0.52 -0.42 -0.43 

t -0.22 -0.38 -0.23 -0.28 

■f -0.17 -0.29 -0.15 -0.20 

The average content of 
protein not digested with 
pepsine. Per cent of 
weight of meat 

n 9.5 9.0 10.8 9.8 

t 10.7 n.O 11.5 11.1 

f 8.4 12.3 10.9 10.5 

Heat losses of weight of 
meat after freezing storage. 

100 = heat losses of 
weight before freezing 

n 98.7 108.0 ~ 108.3 105.0 

t 107.0 107.0 100.3 102.9 

f 91.0 97.0 102.4 96.8 

Content of Nitrogen 
Compounds in the heat- 
treatment drip. Per cent 
of the total content of 
Nitrogen Compounds 
of meat 

n 1.64 1.86 1.67 1.71 

t 1.66 1.81 1.70 1.82 

f 1.28 1.64 1.80 1.65 


n — non- tendinous -meat; t — tendinous meat; f= fat meat; decrease and + = increase 
of pH value in comparison with the precedent measurement. 


in the amount of drip is particularly noticeable in meat containing more connective 
tissue. Because of that, losses of weight during heat treatment of tendinous meat 
may be lower after some period of storage than before freezing. The character of 
these variations shows that, after a longer storage at -16® C., the sclero-proteins 
of meat are more readily thermo-hydrolized. Thermohydrolysis of collagen, etc., 
of proteins is generally known to be a phenomenon connected with lowering of 
the diffusion to the phase of dispersion, so it contributes to lowering the losses of 
weight of heat-treated meat. 

The analysis of the changes of nitrogen compounds content in the heat-treatment 
drip indicates the increase of the solubility of meat proteins after a longer storage. 
The longer the storage, and the higher the sclero-protein content, the more of 
these substances diffuse from the meat into the heat-treatment drip. These changes 
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are parallel to the increase' of pepsine digestibility and the shifting of reaction 
towards alkaline, i. e. to the increase of differences in pH values. 

7. Dissociation of Ca, K and Na compounds proves also that considerable 
physio-chemical changes occur in meat during storage. One can measure this 
dissociation by the content of these three kations in the heat-treatment drip. This 
content varied for every one of them quite independently, and no greater diffe- 
rences, depending on the physiologic state of animals, or on the chemical com- 
position of the meat, have been observed. 

The content of C*' proved the most stable. After 9 months’ storage it reached 
a level equal to 50% of concentration before freezing. 

The concentration of Na’ in the ‘ heat-treatment drip is always higher than 
that of Ca”.. It is more or less stable in the meat of fattened animals during the 
first 6 months of storage. After that time the N’ concentration in the heat-treat- 
ment drip starts to increase, and during the next 3 months it reaches the level of 
about 50%. 

The K’ concentration, however, does not change only during a comparatively 
short storage - in the present experiments this was only 2 months. Between the 
2nd and the 6th month of storage, one may observe the rapid growth of this kation 
to a level 7 times higher than that for the meat, before freezing. During further 
storage the concentration of K' in the heat-treatment drip again remains the same. 

The decrease of Ca” in the heat-treatment drip during storage proves that the 
dissociation of its compounds decreases. Also the increased mobility and weaker 
binding af Na’ and K’ in the meat proteins are not surprising. 

CONCLUSIONS 

1. All physio-chemical changes occurring in meat as a result of freezing and 
storage show considerable quantitative differences connected with the chemical 
compounds and with the bio-physio-chemical structure, stated in vivo. 

2. The deviations of physio-chemical changes during storage at -16° C. prove 
that the usefulness of meat of certain qualities for production of non-stable cooked 
sausages is limited. The ground and boned meat of well-fleshed animals, killed 
after the fattening was concluded, is the best for freezing in blocks, especially, 
when it contains some % of fat. The meat of medium-fleshed animals, whose 
fattening has been concluded, is the least useful. The non-tendinous meat after 
thawing is the least suitable for producing cooked sausages, independent of the 
degree of fattening, for it undergoes the greatest deteriorative changes during 
storage at -16° C. 

3. The K’ content in the heat-treatment drip seems to be one of the most sen- 
sitive criteria of changes, occurring during storage at -16° C. At the moment, when 
this kation reaches a level of 0,28-0,32 mg% the meat enters the stage of un- 
desirable autolytic deterioration. 


Behrndt bogtryk, Denmark Copyright reserved 
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Les modifications du poids de la viande congelee an cours de sa sortie du 
higorifique 

Changes in Weight of Frozen Meat on Removal from the Cold Store 

Inz. WACLAW BYSZEWSKI 
50 Wawolnicka 14 m. 30^ Warsaw, Poland. 


SUMMARY, On removal jrom freezing and cold storage, frozen meat becomes 
covered with frost, resulting in an increase in weight. As the occurence and dis‘ 
appearence of frost occurs during the delivery of the meat, its weight may change. 

Sometimes the increase or decrease in weight exceeds the weight of separate 
carcasses in certain shipments, altering the appearance of the cargo and may cause 
disagreement between the dealer, the consignee and the carrier. 

The problem is all the more co7nplicated as: 

1. During freezing and storage dehydration occurred (shrinkage) 

2. The occurrence of frost on the meat begins when the latter is removed from the 
freezing room and increases during storage (increase) 

3. Thawing causes: 

a ) Sublimation of frost and loss of thawed frost ( loss) 

b) Absorption by dehydrated meat of frost thawing-water (increase). 

As the weight of frozen meat is variable, it is insufficient to observe only the 
principal technological conditions during the storage of frozen, meat, but also to 
attempt to restrict every outside deleterious influence and to consider not only the 
weight, but also the number of units. 


C’est un phenomene bien connu, qu’un corps place dans Fatmophere, se couvre 
d’une couche de rosee, qui condense sur sa surface, si sa temperature depasse le 
point de rosee de Fair ambiant. Si la temperature du dit corps est suffisamment 
au dessous du point de gelee, Feau se depose sous forme de givre sur la surface 
du corps. 

C’est la regie a la sortie de la viande congelee des chambres d’entreposage, vu 
que la viande congelee sortant de la -chambre d’entreposage a une temperature 
beaucoup plus basse, que celle des corridors et autres emplacements ou a lieu toute 
manipulation, pesage et chargement inclus. 

Si cette manutention se fait dans un‘ temps suffisamment court et que les 
emplacements ou elle a lieu ont des temperatures suffisamment basses, si enfin, ce 
qui devrait etre bien la regie, les moyens de transports sont etanches et refrigeres, 
ou tout au moins suffisamment isoles, la quantite de givre se deposant sur la 
surface de la viande ne devrait pas etre trop importante et ne devrait pas modifier, 
au moins pas d’une fagon grave, le poids de la livraison. 

Comme malheureusement les conditions ideales ne sont pas toujours strictement 
observees et quelquefois les conditions reelles en sont bien eloignees, il peut y 
avoir des cas ou le processus de changement de poids de la viande congelee cause 
par Fammoncellement du givre sur sa surface et ensuite par la disparition (subli- 
mation ou la fondaison) de celui-ci, peut etre assez important. 

D’apres les essais faits par FIndustrie de la Viande en Pologne, des surcroits de 
poids de viande congelee j usque 2.4% ont ete constates causes par le givre se 
deposant sur la viande congelee apres sa sortie de la chambre d’entreposage. 

Naturellement tout ce processus a lieu en fonction de plusieurs variables, 
comme la temperature d’ambiance, le degre d’humidite de Fair, la temperature 
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initiale de la viande, le mouvement d’air etc. II est aussi une fonction du temps 
pendant lequel un deposement de givre a lieu. 

Apres une certaine periode d’equilibre thermique ou il n'y a pas d'accroissement 
de givre ni de poids, le givre commence a fondre et le poids de la viande commence 
a diminuer. 

II est done clair, que ce qui a paru comme surcroit du poids de viande peut 
devenir aussi bien une perte (de meme en fonction du temps), il s’agit seulement 
du moment pris pour initial. 

Si nous prenons done le poids de la viande pure, absolument sans givre pour 
100, ce poids variera en fonction du temps, des le moment de la sortie de la 
chambre d’entreposage, d’une fagon demontree par la courbe sur le graphique. 



Dans ce cas le poids final devrait etre le mtoe, que Tinitial (Courbe a). 

En realite ce n’est pas absolument indispensable. 

Il est notamment possible, que la viande dans la chambre d’entreposage meme 
etait couverte d’une certaine quantite de givre et qu’alors le poids de la viande 
contenait deja le poids du givre; apres la fondaison du givre la pesee diminuer a 
d'une facon plus ou moins importante (Courbe b) . 

Au contraire, il peut y avoir une certaine dessication de la viande. au cours de 
sa congelation, ainsi que pendant son entreposage. 

Si une telle dessication a eu lieu, les tissus desseches de la viande peuvent 
absorber Teau, qui condensa sur la surface ou qui fond du givre et s’ecoule sur 
la surface de la viande, ce qui donnera un surcroit durable (Courbe c). 

De tels surcroits durables ont ete constates pendant les essais fait par I’lndustrie 
de la Viande en Pologne. 

Par contre, si un dessechement important n’a pas eu lieu, une resorption d’eau 
ne peut pas s’exterioriser. Si enfin la viande. etait dessechee et en outre couverte 
de givre, I’eau du givre qui fond, peut etre resorbee et il ne peut pas y avoir de 
changement de poids. 

Les ecoulements des jus de la viande, qui peuvent aussi avoir lieu et influencer 
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ainsi le poids final de la viande, n'ont pas ete pris en regard dans cette dissertation. 

Si le pesage de la viande etait execute immediatement apres sa sortie de la 
chambre froide et que la viande ne subit pas de decongelation pendant le transport, 
Tacroissement de poids cause par le givre peut etre considerable, et si elk a subi 
auparavent une dessication, I’accroissement de poids peut etre durable. 

Si au contraire la viande etait couverte de givre, ou si le pesage de la viande 
etait execute un certain temps apres sa sortie de la chambre froide, le poids 
constate de la "viande” contient aussi le poids du givre, qui a eu le temps de se 
deposer sur la surface de la viande. 

Dans les cas extremes ou le pesage serait execute au sommet de la courbe il ne 
pou'rrait, en consequent y avoir que des pertes de poids. 

Ce n’est naturellement pas tres correct, mais si on pese toute une cargaison a la 
fois, par exemple un camion de 6, 10, ou de 15 tonnes la viande, qui etait chargee 
en premier, peut bien se trouver au moment du pesage au point sommet de la 
courbe (graphique). 

Si le pesage d’un transport a ete execute de telle fagon et, qu’au point de destina- 
tion, la viande etait tout a fait ou meme partiellement decongelee, il peut y avoir des 
pertes de poids considerables. 

La situation se complique, si au cours de ce processus, la viande change de pro- 
prietaire ou de personel responsable de la marchandise et que la marchandise meme 
nkst pas suffisamment assuree. 

Dans ce cas on pourrait croire, que le convoyeur acause le manque du poids 
ou tout au moins ne I'a pas garde soigneusement. D’abord la livraison pourrait 
vraiment toe diminuee, au cours du transport, sans que cela puisse etre remarque ou 
constate. Ce serait toujours possible dans les parties ou le poids des pieces 
particulieres est plus petit, que les differences de poids causees par le givre. Comme 
I’accroissement du poids peut bien depasser 2 %, dans une partie de 10 t Taccroisse- 
ment de poids peut depasser 200 kg, tandis, que les moities de pores sont de 45 kg 
environ, de fagon qu une difference de 4 a 5 pieces ne serait pas a constater deapres 
le poids. 

Comme il n’est pas possible de constater courament d’une fagon precise et dans 
des conditions specifiques changeantes, si le givre a subi un accroissement ou une 
perte, il est absolutement ntossaire de baser la comptabilite et le controle des parties 
particulieres, la ou c est indispensable, sur le nombre de pieces, qui est une grandeur 
stable et non seulement sur le poids, qui a ete identifie comme une grandeur 
variable. 

Ainsi le controle par pitos des parties transportees se montre seul infaillible et 
elimine les fautes et toutes confusions. 

Il peut etre interessant de remarquer, que les considerations que voici, etaient 
provoquees par des cas concrets, qui pouvaient avoir des consequences assez 
importantes pour les interesses. 

Il y a d’ailleurs differentes opinions sur le sujet des pertes de poids de la viande 
congelee sortant du frigorifique. 

Ainsi les prescriptions de la Direction Centrale de I’lndustrie de la Viande en 
Pologne, prevoient des pertes de 0.01 jusque 0.03 % suivant les distances et les 
saisons. 

Les prescriptions de la USSR admettaient d’apres un article de Lingenieur 
Kontchakow dans le Nr 2 de la Holodilnaja Tehnika de 1958 «sur les pertes de 
poids de la viande congelee au cours de sa sortie de frigorifique et son transport)), 
des pertes de 0.71% jusque 1.15%. 

Par contre I’auteur cite Kontchakow a constate a base d’essais, epreuye et 
experimentations, qu’au cours de la sortie de la viande congelee du Frigorifique 
Nr. 9 a Moscou et durant un entreposage a court terme au magasin de distribution, 
des pertes de poids de la viande congelee n’ont pas eu lieu, tout au contraire, il 
y a meme des accroissements de poids de 0.5 jusque 1.37%. 

Il est d’ailleurs bien naturel, qu’il faut tacher d’exclure, ou au moins de limiter 
toutes influences defavorables pendant la congelation, I’entreposage et le transport. 
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qui pourraient changer le poids de la marchandise et qu’il faut toujour tacher de 
garantir les conditions technilogiques regulieres. 

Si tout de meme, dans des circonstances speciales, le trafic normal pouvait 
decevoir, il faut dans ces cas la se corifier au controle par nombre et non seulement 
par poids, et surtout s’abstenir de tirer des conclusions baties sur des manques 
apparents. Toutes evaluations sur ce sujet etant des grandeurs relatives a des cas 
speciaux ne se laissent pas appliquer a la lettre a d’autres conditions, qui ne sont 
jamais identiques avec celles, qui servaient de base pour le releve des grandeurs 
premieres. 


Behrndt bogtryk, Denmark 


Copyright reserved 
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G. B. TCHIGEOV 

The Leningrad Technological Institute of the Refrigerating Industry, 
Leningrad, U.S.S.R. 


SOMMAIRE. On utilise actuellement la lyophilisation dans Vindustrie alimentaire 
sovietique pour la deshydratation de la vtande et du poisson pour la production 
d' aliments concentres. On V utilise sur une moins grande hhelle pour la deshydrata- 
tion des fruits et des baies, des jus de fruits, de la levure de boulanger et de certains 
autre s produits. 

Les recherche s effectuees au cours des dernieres annees ont ete consacrees d la 
physique de la sublimation et de la de sublimation a basses pressions, ainsi qu’au 
transfert de vapeur d'eau dans ces conditions. On utilise actuellement les resultats 
de ces recherche s pour V Hablissement de methodes permettant d'evaluer les modes 
et le materiel de deshydratation, pour P amelioration de la conception ainsi que 
pour la determination des conditions de deshydratation optima. 

En se basant sur les travaux des physiciens et des techniciens on a etabli les condi- 
tions techniques assurant la qualite des aliments et Von a elabore des recommanda- 
tions pour le choix des conditions de deshydratation. Certains types de materiel de 
deshydratation ont ete congus et reconnus les plus appropries. 

La lyophilisation des aliments se fait generalement d une pres si on de 0,5 a 1 mm 
de Hg, a une temperature de sublimation de —3° a —21^ C, et a une temperature 
de desublimation de -23° a -78° C. La de sublimation se fait dans un appareil a 
plaques froides avec degivrage periodique. On n' utilise pas de nettoyage mecanique, 
ni d’ absorb ants d’humidite chimiques. Le vide est assure dans les deshydrateurs par 
des pompes d huile rotatives. La temperature et la pression de deshydratation sont 
reglees en divers points du deshydrateur, on utilise des compteurs thermo-electriques 
d distance pour les me sure s. Limpermeabilite est verifiee d V aide de spectrometres 
de masse d heliutn. 


In 1921, a patent was issued in the U.S.S.R. for the method of drying foods in 
a frozen state [12, 15]. However, there was neither a great need nor technical 
means for the industrial application of the new technique at that time. 

Extensive theoretical and laboratory investigations of the freeze-drying process 
were carried out during the last 15 years and its application for industrial de- 
hydration of various materials including foodstuffs has been started. The leading 
role in the investigation of freeze-drying in the U.S.S.R. belongs to academician 
A. V. Lykov and his school [9, 10,' 11, 12, etc.]. 

According to notions based upon investigations, the entire freeze-drying process 
may be divided into three periods essentially differing from each other [1, 6, 9, 
12, 15]. 

The first period, the period of vacuum freezing, starts as soon as the food to be 
dried is placed in the sublimator. A quick evacuation of the air from the sublimator 
results in intensive evaporation from the surface of the food and in its freezing. 
The duration of the first period constitutes 4 to 6 % of the total time of drying, 
and 10 to 20 % of the total moisture is evaporated. 

With the required vacuum attained and the product completely frozen, the 
second period starts, i. e. the drying process proper begins. Outside heat is 
supplied to the food being dried and a sublimation of ice occurs. The second 
period lasts for about 50 to 60 % of the total drying time, while 40 to 50 % of 
the total moisture content is removed. 
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Thereafter, the supply of heat is increased and the temperature of the food 
being dried is raised up to 40 - 45° C. Thus, the third period of drying begins, 
and the remaining moisture is removed. The temperature increase during this 
period does not impair the product as it is comparatively short and the moisture 
content of the product is by this time small. The duration of the third period 
constitutes 30 to 40 % of the total time of the process and the moisture removed 
amounts to 20 to 30 % of the original content. 

The period of vacuum freezing is characterized by a gradual pressure drop in 
the sublimator and the temperature decrease in the food being dried. Under such 
conditions, the heat exchange as well as the mass exchange are not stationary 
and the operating parameters of these processes are changing in time. Analytical 
calculations of vacuum freezing^ are therefore quite complex [16, 17}. 

The role of vacuum freezing in the general process of freeze-drying is quite 
considerable as the intensity of evaporation occuring in this period without any 
supply of external heat is great. It should be noted also that the distribution of 
the ice crystals and the possibility of preserving the structure, of the food depend 
to a large extent upon the conditions of vacuum freezing [12, 18, 19, etc.]. 

The total pressure, the water-vapour pressure and the temperature in the freeze- 
drier- are sufficiently high at the beginning of the vacuum-freezing period and the 
water-vapour transfer corresponds to the viscous flow (diffusion). 

It is generally assumed that the food being dried should be reduced at the end 
of the vacuum freezing period to the cryohydrate temperature. This assumption 
is hardly correct. It can only be asserted that the more labile the food is biologi- 
cally speaking, the lower should its drying temperature be. 

The intensity of drying increases with an increment of the temperature difference 
between the evaporation (or sublimation) and condensation surface. Therefore, 
the higher the sublimation temperature, the greater the drying rate. Good results 
are attained for an overwhelming majority of foods with drying temperatures 
ranging from -5° C. to -20° C. i. e. considerably above the cryohydrate temperature 
of these foods [4, 6, 13, 14, 18]. 

During the period of vacuum freezing the pressure and the temperature of the 
water-vapour in the food being dried is gradually reduced to such an extent that 
the length of the free path of the vapour molecules becomes commensurable with 
the dimensions of the pores in the material. The motion of the water-vapour in 
the pores is then subject to the laws of the molecular-viscous (effusive- diffusive) 
flow. Finally, if the total pressure in the freeze-drier during the second and third 
periods is sufficiently low (usually below 1 mm Hg), the water-vapour flow be- 
comes purely molecular (effusive). 

This was why A. B. Lykov suggested terming the process of drying at low 
pressures and low temperatures molecular drying; this term is often used in 
Soviet engineering literature of later years [3, 12, 15], 

During the second period of the freeze-drying process a gradual deepening of 
the evaporation zone takes place, the temperature and pressure remaining con- 
stant. Due to a sharp increase of volume occuring when ice sublimates in a 
vacuum, a violent and chaotic movement of the water-vapour is created from 
the surface of the ice in the food to the branch line. The mass-exchange in this 
case completely determines the heat-exchange and is decisive for the hydrodynamic 
conditions of the process [5, 11]. 

The intensity of sublimation depends under practical conditions not only upon 
the rate of heat supply but also upon the rate of the water-vapour evacuation, the 
latter depending as well on the resistance in the pipelines and of the entire system. 

In case the intensity of sublimation exceeds the actual rate of the water-vapour 
evacuation, the pressure in the sublimator rises and the general drying conditions 
are disturbed. Therefore, it is recommended that the pipelines and condensers 
of the freeze-dryer be arranged in such a manner that they may operate reliably 
at the highest drying load corresponding usually to the vacuum freezing period 
[13, 14, 15, 19]. 

With the sublimation and condensation temperatures as well as the composition 
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of the air-water-vapour mixture being constant, the intensity of sublimation is in 
direct proportion to the total pressure in the sublimator, within the range of 0.3 
to 2.0 mm Hg. Within the above pressure range there is also a direct proportion 
between the film coefficient of heat transfer at condensation and the total pressure 
of the air-water-vapour mixture in the condenser [20, 21, 24]. 

These facts may be explained by an intense agitation of the air-vapour mixture 
by ricocheting gas molecules as well as by the intensification of the heat exchange 
i;esulted thereby in the case of a comparatively low concentration of molecules 
of non-condensable gases in the vapour-gas mixture. 

Recent thorough experiments have shown that the intensity of condensation is 
influenced not only by the total pressure but. also by the composition of the 
vapour-gas mixture. With an increase of the partial pressure of the vapour in 
the mixture, its condensation is intensified to a somewhat higher degree than in 
the case of an increase in the partial pressure of the gas. 

The fact that the role of the condenser in the freeze-drying installation is con- 
fined to the evacuation of water-vapour generated from the substance being dried 
made it possible to elaborate a method of calculating a condenser as an evacuating 
device, though the physical nature of the evacuation action is based on the removal 
of heat from the condensing vapour [20]. 

Roentgenoscopic examinations have been carried out on the formation of ice 
on the cold surface of the condenser- freezer. The influence of the pressure of the 
water-vapour-gas mixture, of the condensing temperature and of the gas compo- 
nent properties upon the distribution of ice on the surface of the condenser have 
been thus determined. This allowed the elaboration of a method for calculating 
the effective condensation surface for various operating conditions depending upon 
the shape and dimensions of the condenser [21, 23, 24]. 

The investigations of the ice formed at very low pressures, corresponding to 
effusive flow conditions have shown that its density and thermal conductivity 
are greater than in the case of ice formation under pressures, corresponding to 
the conditions of the diffusive movement of the water-vapour [22]. 

The freeze-drying method is used in the Soviet Union mainly for the dehydration 
of cut and ground meat and fish in the production of concentrated foods. A tech- 
nique has been elaborated for drying fruits and berries, fruit juices, bread yeast 
as well as certain other foods. A higher stability during storage and a better re- 
constitution of freeze-dried foods than those of heat dried foods have been proved 
experimentally [4, 6, 7, 12, 13, 15, 18]. Certain standards have been set for dried 
foods. For example, freeze-dried ground meat and fish have to comply with the fol- 
lowing requirements [13, 14, 15]: 


TABLE 1. REQUIREMENTS FOR FREEZE-DRIED GROUND MEAT AND FISH 


Ground Ground 
meat fish 


Minimum swelling coefficient 3.0 3.5 

Maximum soft-boiling time (minutes) 20 5.0 

Maximum moisture. content {%) 10 10 

Minimum extractivity (% in relation to dry substance) - 15.0 20.0 

Ma?/imum fat content (% in relation to dry substance) 15.0 6.5 




Freeze-dried ground meat or fish can be stored in nitrogen filled or evacuated 
glass or tin containers for 12 months if loosely packed and for 24 months if 
pressed. 

The following table presents the freeze-drying conditions for certain foods ela- 
borated and applied in practice [12, 13, 14, 15]: 
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TABLE 2. FREEZE-DRYING CONDITION FOR CERTAIN FOODS 


.Kind of food 

Moisture 

content 

(%) 

Temperature 

(“C) 

Pressure 
(mm Hg) 

1 

Drying 

time 

No< 

Initial Final 

Sublimation Condensation 


(hrs.) 

1. Ground meat 

75-77 

4-6 

-5 

-17 - 

-25 

-30 

1.2-2.5 

10-11 

2. Meat cuts 10-12 mm 









thick 

75-77 

4-6 

-3 

-15 - 

-25 

-30 

1.2-2. 2 

27-30 

3. Ground fish 

82-83 

4-5 

-5 

-17 - 

-25 

-30 

1.6-2. 2 

11-13 

4. Fish cuts 10-12 mm 









thick 

82-83 

4-5 

-5 

-15 - 

-25 

-30 

1. 5-2.2 

22-24 

5. Strawberries 

88.6 

9.6 

-3 

-12 - 

-25 

-30 

0.9-1. 8 

21 

6. Tomatopuree 

85.0 

10 

-5 

-17 - 

-25 

-30 

0.5-1.8 

20 

7. Orange and lemon juice 









(thickness of layer - 









5 mm) 

89.0 

3.8 

-25 

- 

-78 


0.1-0.25 

3-4 


A number of freeze-drying units and installations have been designed in ac- 
cordance with the accepted technique of the process. Calculation methods for the 
above equipment have been established [2, 3, 12, 13, 14, 20, 25]. 

The high stability of foods dried in the frozen^state, the quick and almost com- 
plete recovery of their natural properties with water added make such foodstuffs 
especially valuable in all the cases when transportability, good keeping quality and 
easy cooking properties are of importance. 

All the above characteristics contribute to the attraction of attention to the 
freeze-drying of foods and promote the expansion of the production of foods 
dehydrated in a frozen state. 
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The Storage Conditions and Weight Loss of Froscen Meat in Jacketed Cold 
Storage Rooms 

Les conditions d’entreposage et les pertes de poids de la viande cdngelee 
conservee dans des chambres froides a doubles-parois 

D. G. RUTOV and P. A. ALEKSEYEV 

The Scientific Research Institute of the Refrigerating Industry of theU.S.S.R., 
Moscow, U.S.S.R. 


SOMMAIRE. Des experiences ont ete ejfectuees en 1956-37 sur V entreposage de la 
viande congelee dans une chamhre froide a doubles-parois d VEntrepot Frigorifique 
n° 12 d Mo scon . La temperature de Pair etait maintenue automatiquement d — 
18° C. dans la chamhre et d - 18°, - 19° C. entre les parois. Lhumidite relative 
s'elevait d 97-100 %. Le lot de viande thnoin hait pese tons les mois, 

11 ete etabli que les pertes de poids de la viande etaient d peu pres proportionnel- 
les d la quantite de chaleur penetrant dans la chamhre, cette derniere variant en 
fonction de la te?nperature des chambres des etages voisins, Aiix periodes oil les 
pertes de chaleur sont pratiquernent nulles, les pertes de poids de la viande de- 
viennent insignifiantes. Au cours des 12 mois, les pertes de poids totales de la vi- 
ande congelee etaient de 0,78 %, soit 2 d 2,5 fois moins elevees que dans les cham- 
bres froides ordinaires, sans doubles-parois. Les pertes de poids reelles dues d 
V evaporation correspondaient bien qtix chiffres theoriques obtenus d’apres les 
for?nules proposees par D. RUTOV en 1954-1955. 

ll a ite prouve par des calculs theoriques et par des experiences que pour re- 
duire les pertes au minimufn et pour obtenir une stabilite maximum de la tempe- 
rature et de Vhumidite de Lair dans la chamhre froide, la cloison de separation entre 
la chamhre et la double paroi doit etre tres impermeable d la vapeur et doit etre 
isolee thermiquement. Dans les entrepots frigorifiques d plusieurs etages il faut 
aussi prevoir une isolation thermique pour les planchers. 


Two experiments on prolonged storage of frozen meat in an air- jacketed storage 
room of the Moscow Cold Store No 12 were carried out in 1956 end 1957 to deter; 
room of the Moscow Cold Store No 12 were carried out in 1956 and 1957 to deter- 
rooms. 

The jacket in the form of a 60 cm wide corridor surrounds the outside walls 
of the rooms of the second to sixth story and the ceiling of the sixth story of the 
warehouse [1, 2]. The jacket is cooled by finned ammonia coils under natural air 
circulation. 

The experiments were carried out in room No. 31 located on the third floor. 
The room had a floor area of 22.6X 22.6 m and was 3.2 m in height, the useful 
area being 500 m^. 


1956 EXPERIMENTS! 

Frozen meat was loaded in the room in 8 stacks (Fig. 1). One stack of beef (No. 
6, 9550 kg in weight) was loaded directly pnto the platform of ten ton truck 
scales mounted in the room and was weighed each month without being taken 
apart. The meat in the other stacks was weighed only twice, at the beginning and’ 
end of the storage period. 

The loss in weight of the meat during the storage period is given in Table 1. 


! The experiments were carried out with the participation of Y. Olenev and L. Rossovsky 
(Laboratory of Refrigerating Technology, VNIKhI). 
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Fig. 1. Layout of room no. 31 and arrangement of the experimental stacks of frozen meat. 


TABLE 1. LOSS IN WEIGHT OF MEAT IN STORAGE 


Kind of meat 

Weight of 
meat at begin- 
ning of stor- 
age, kg 

Loss in weight 
during storage 

ifg % 

Beef, first grade 

Mutton, first grade 

194,010 

125,090 

1187.9 
. 888.9 

0.61 

0.71 


Total • 519,100 

2076.8 

0.65 


The mean room temperature during the storage period was -18.1® C, and the 
mean relative air humidity 96.1 %. 

Under the operating conditions of the warehouse the temperature of the adjacent 
upper and lower rooms was somewhat higher most of the time than that of the 
experimental room, varying from -15 to -19® C, with a mean of -16,5® C. 
Owing to variations in the ternperature differences, the heat inflow into the room 
through the uninsulated floors and ceilings was subjected to considerable fluc- 
tuations, enabling assessment of its influence on the shrinkage rate of the stored 


TABLE 2. STORAGE CONDITIONS AND SHRINKAGE OF FROZEN MEAT 
1956 EXPERIMENTS 


Period 

Number 
of days 

Tempera- 
ture ®C. 

Relative 
humi- 
dity % 

Heat 

inflow 

Thou. 

kcal. 

Total 

shrinkage 

kg 

18.4 - 23.5 

35 

-18.5 

96.0 

3,095 



24.5 - 21.6 

29 

-18.0 

95.2 

2,429 


22.6 - 23.7 

32 

-18.4 

94.3 

3,996 

_ 

24.7 - 23.8 

31 

-17.7 

97.5 

3,192 

— 

24.8 - 20.9 

28 

-18.1 

97.9 

-546 

- 

• * 

155 

-18.1 

96.1 

12,166 

2076.8 
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rrozen meat. The heat inflow into the room was absorbed by the cooling coil 
over the central aisle, the coil being turned off and on automatically. 

The value of the heat inflow into room No. 31 was calculated from experi- 
mental data on the overall heat transfer coefficients of the room enclosures, their 
surface areas and the temperatures of the room and of all adjacent compartments. 

The storage conditions and heat inflow values for each of the between weighing 
periods of the control stack are given in Table 2. 

Since the initial and the final dates of storage for the control stack did not coin- 
cide with the mean dates its shrinkage is given, in a separate table (Table 3). The 
total percentage of shrinkage for the control stack (0.79 %) was somewhat higher 
than for the others, which may be explained by the small size of the former. 


TABLE 3. SHRINKAGE OF CONTROL STACK 
1956 EXPERIMENTS 


Period 

Number of 
days 

Heat inflow 
Thou. kcal. 

Shrinkage of 
control stack 
% 

23.4 - 23.5 

30 

2.653 

0.14 

24.5 - 21.6 

' 29 

2.429 

0.13 

22.6 - 23.7 

32 

2,996 

0.26 

24.7 - 23.8 

31 

3,192 

0.21 

24.8 - 17.9 

25 

-487 

0.05 


147 

10,783 

0.79 


1957 EXPERIMENTS^^ 

In 1957 the experiments were carried out for almost the entire year. One of the 
stacks was kept on the platform of the truck scales and weighed monthly. 

The results of the meat, storage are given in Table 4: 


TABLE 4. LOSS IN WEIGHT OF MEAT DURING STORAGE 


Kind of meat 

Weight at 
•beginning of 
storage, kg 

Shrinkage on 
storage 

kg ' % 

Beef, first grade 

183,768 

1,438.5 

0,78 

Beef, second grade 

56,571 

702.7 

1.24 

Mutton, first grade 

86,530 

678.7 , 

0.78 


Total 326,869 

2,819.9 

0.86 


The mean temperature in the room during the storage period was -17° and 
the mean relative humidity 97 %. As in the 1956 experiments considerable heat 
inflow from the adjacent rooms was observed, highly varying in time especially 
from the rooms nos, 41 and 21 where the mean temperatures were -15.6° and -16.3° 
C, respectively. 

► In table 5 data are presented on the storage conditions and heat inflow of room 

no. 31 for each of the periods between weighings of the control stack and also 
on the weight losses in the latter.' 


^ The experiments were carried out with the participation of O. Vysotskaya (Laboratory 
of Refrigerating Technology, VNIKhI). 
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TABLE 5. STORAGE CONDITIONS AND )SHRINKAGE OF FROZEN MEAT 
1957 EXPERIMENTS 


Period 

Number 
of days 

Tempera- 
ture °C. 

Relative 
humi- 
dity % 

Heat 

inflow 

Thou.kcal. 

Overall 

shrinkage 

kg 

Shrinkage 
of cont- 
rol stack 
% 

9.2 - 28.2 

19 

-17.0 

97.1 

749 

— 

-- 

1.3 - 31.3 

31 

-14.0 

96.8 

1,223 

_ 

0.06 

1.4 - 30.4 

30 

-15.9 

96.8 

558 

- 

0.05 

1.5 - 31.5 

31 

-17,9 

95.1 

2,765 

_ 

0.13 

1.6 - 30.6 

30 

-16.8 

95.3 

4,497 

- 

0.24 

1.7 - 31.7 

31 

-16.6 

96.0 

• 4,275 

- 

0.22 

1.8 - 31.8 

31 

-17.8 

96.5 

1,446 

- 

0.07 

1.9 - 30.9 

30 

-17.5 

97.0 

-162 

_ 

0.03 

1.10 - 31.10 

31 

-17.3 

97.5 

872 

_ 

0.07 

1.11 - 30.11 

30 

-17.7 

98.2 

449 

- 

0.04 

1.12 - 31.12 

31 

-17.7 

98.7 

-594 

- 

0.01 

1.1 - 25.1 

25 

-17.6 

98.5 

273 

_ 

0.02 


350 

-17.0 

97.0 

16,351 

2,819.9 

0.94 


In ordinary unjacketed cold store rooms the shrinkage of frozen meat calculated 
according to the norms adopted in the U.S.S.R. are. considerably higher than those 
obtained for the experimental storage in the jacketed room (Table 6). 


TABLE 6. SHRINKAGE OF FROZEN MEAT ACCORDING TO NORMS FOR ORDINARY 
COLD STORES AND IN JACKETED ROO^^S 


Kind of meat 

Shrinkage in 
accordance 
with norms 
'for ordinary 
cold stores % 

Shrinkage in 
jacketed 
rooms % 

1956 experiments: 



Beef, first grade 

1.11 

0.61 

Mutton, first grade 

1.33 

0.71 

1957 experiments: 



Beef, first grade 

1;67 

0.78 

Beef, second grade 

2.18 

1.24 

Mutton, first grade 

2.02 

0.78 


Thus, despite the considerable heat influx from the adjacent rooms the jacketed 
room showed, on an average, a twofold decrease in' shrinkage as compared with the 
norms for ordinary cold stores. 


THE SHRINKAGE RATE OF FROZEN MEAT AS A FUNCTION OF THE 
HEAT INFLOW 

A plot (Fig. 2) of the experimental data presented in Tables 3 and 5 confirms 
the close to linear dependence of the shrinkage rate on the heat inflow previously 
established on theoretical grounds [3]. It is characteristic that for small heat in- 
flows (positive and negative) the shrinkage rate fluctuates around the value 0.03 % 
per month. This is due to the presence of transit heat flows in the room, prac- 
tically unavoidable and difficult to account for, that cause frost deposits on the 
somewhat colder sites of the room enclosures with corresponding dessication of 
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Q /month 


Fig. 2. Oependence of frozen meat shrinkage A G in the control stacks on the heat inflow 
rate Q into the cold storage room, 

the products. Evidently 0.03 % per month is the lowest attainable shrinkage rate 
for frozen products in jacketed multi-story cold stores. 


COMPARISON OF EXPERIMENTAL AND CALCULATED VALUES FOR 
SHRINKAGE RATE AND AIR HUMIDITY 

Inasmuch as in the experiments account was made of all factors influencing 
the rate of shrinkage and the relative humidity in the room, one could compare 
the experimental values of these quantities with those obtained from calculation 
with the aid of the formulae proposed by D. Rutov in 1954-55 [3, 4]. 

Bearing in mind that no additional sources of moisture inflow into the room 
were present, calculation of the shrinkage rate -was made according to the formula: 


AG - 


Q{p'—Po) 


1+ — ) + 

a. / • 


QM 

“IF" 


( 1 ) 


and the relative humidity according to 

P'—Po 


1—9? = 


1 + 


pF 

QM 


'l'{i +-^) {l — fo)+'{p' — Po) 


( 2 ) 


In the calculation it was taken into account that the difference t— to averaged 
10° C. 

Resultsof the calculation are given in Table 7. 

TABLE 7. CALCULATED AND EXPERIMENTAL SHRINKAGE 
RATES IN FROZEN MEAT 



F 

Q 

'A G 

glht 

0 

% 


m2 

kcal/hr 

experim. 

calc. 

experim. 

calc. 

1956 experiments 

4,830 

3270 

558 

585"^ 

96.1 

96.5 

1957 experiments 

4,614 

1947 

336 

388 

97,0 

97,8 
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Since the experiments were carried out under practical conditions the coincidence 
of calculated and experimental values may be considered, to be quite satisfactory. 


THE STATE OF THE AIR IN THE JACKET 
In the 1956 experiments the mean air temperature in the jacket was -18.6® C. 
The turning on and off of the cooling coils caused a change in temperature of 
±1.5° C. The temperature difference between the room and jacket was small and 
no frost deposit on the partition was observed from the side facing the room. 

In the 1957 experiments the temperature in the jacket was -18.5° with a mean 
room temperature of -17°. This temperature difference of 1.5° already caused 
deposition of frost on the partition despite a layer of thermal insulation on the 
latter. Calculation indicates that frost deposition would occur on an uninsulated 
partition at a temperature difference of only 0.5° C. 

In summer the relative air humidity was 15 % lower in the jacket than in the 
room. Consequently in constructing a jacket a good vapour seal must be provided 
for between the former and the room. 


INSULATION BETWEEN REFRIGERATED ROOMS ENCLOSED 
WITHIN A COMMON JACKET 

In multi-room refrigerated warehouses, particularly of the multistory type the 
installation of a jacket along the outside walls of the structure does not yet solve 
the problem of a sharp decrease in shrinkage rate. In a case of a considerable heat 
flow from one room to another through partitions of floors, shrinkage may attain 
high values even in the presence of a jacket. 

Since in practice temperature fluctuations of the order of 1-2° are not excluded, 
the floors separating rooms with nominally the same temperature conditions should 
be insulated, providing for an overall heat transfer coefficient of the flooring of 
about 0.4 kcal/m2 hr °C. The same may be said of the partitions between rooms. 


CONCLUSION 

A test of a jacketed room in the Moscow. Cold Store No 12 showed that this 
method of diminishing weight losses of stored products has justified itself under 
practical conditions and deserves widespread application, especially in the southern 
parts of the country. Losses of frozen meat during storage were two times lower 
than in the case of ordinary cold stores. There is possibility for further decrease 
m shrinkage to a level of 0.03 % per month. 

Cold store rooms included in a common air jacket should be separated by ther- 
mally insulated walls and floors to lower the internal heat flows. The partitions 
separating the rooms from the jacket should also have a layer of thermal insulation. 

The temperatures in the rooms and in the jacket should be maintained as constant 
as possible, using reliable automatic controls. The temperature of any site in the 
jacket should not be below that of the room by more than 1° C. 
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The Application of Glazing and Low Temperatures in the Storage of 
Frozen Sprat (Clupea Harengus Membras Linne) 

Emploi du givrage et des basses temperatures pour la conservation du sprat 
congele 

A. I. PISKAREV, A. K. KAMINARSKAYA and L. G. LUKYANITSA 
The Scientific Research Institute of the Refrigerating Industry of the U.S.S.R,, 
Moscow, U.S.S.R. 


SOAiMAlRE. Un des prohlemes importants de Vindustrie du pohson est P emploi 
de pohson congele pour la fabrication de conserves diverses. Des essais de labora- 
toire et des experiences industrielles ont ete entreprises par le VNlKhl^ sur la con- 
servation de blocs de sprats congeles et givres (Clupea harengus membras Linne), 
d —23°, et —18° C., en vue d’une transformation ulterieure en conserves. 

Des essais ont ete faits en additionnant Peau destinee au givrage d^un antioxydant, 
Pacide ascorbique. La qualite du poisson a He evaluee, pendant P entreposage, par 
les modifications des peroxydes et aussi par des tests organoleptiques. Les resultats 
de cette recherche ont montre Pinfluence du givrage et des basses temperatures 
d’entr epos sage sur le poisson gras comme le hareng. L emploi d’acide ascorbique 
produit une action inhibitrice notable sur la formation des peroxydes. Cependant, 
on a note une saveur inhabituelle au poisson sur des echantillons trades avec Pacide 
ascorbique. Les conserves, obtenues a partir de sprats congeles conserves trois fnois 
a -18° C., ont He considerees comme satisfaisantes. 

Les durees d' entreposage ci-apres prHisees, pour des blocs de sprats congeles 
et givres, destines a la mise en conserve, peuvent etre recommandees d’apres les 
resultats des essais: a -18° C.: 2 mois; a -23° C.: 3 mois; d -3.5° C.: 4-3 mois. 

On congele de grandes quantites de sprats dans des installations' de traitement de 
poisson de la cote balte. Le sprat congele sert a la fabrication de conserves de 
sardines et de sprats, en dehors des saisons de peche. 

The use of frozen fish as raw material in the production of various types of 
canned foods is a highly important problem in the fishery industry, since the 
duration of the fishing season is very limited for many fishing grounds. 

The solution of this problem would mean considerable increase in the production 
of the higher grades of canned foods and prolongation of the working season of 
canneries. 

Of considerable interest to the fisheries industry of the Baltic Republics of the 
U.S.S.R. is the use of frozen sprat (Clupea harengus membras, Linne) for canning. 
Sprat constitutes about 50% of the total catch in these republics and about 80% 
of it is caught in the spring season (1-1.5 months). This naturally presents great 
difficulties for the rational utilization of sprat, in particular for canning purposes. 

In respect of its chemical composition (up to 10% fat and 20% protein content) 
and biochemical characteristics this fish is a valuable raw material for the pro- 
duction of high quality canned foods of the sprat and sardine type. 

However, owing to its biological properties (content of highly active enzymes) 
sprat begins to spoil quickly in the cooled state. Therefore, the possibility of pre- 
serving this fish in the frozen state for subsequent packing in the canneries is a 
question of considerable importance. 

In the Baltic Sea fishing grounds two sizes of sprat are caught, large and small. 
The small fish serve as raw material for the production of canned sprats and 
sardines, the large for the production of a canned product known as "'sprat in oil”. 

In the present report results are reported of experiments on the effect of low 
temperatures and glazing (with and without antioxidant) on the keeping quality 
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of frozen sprat as well as data on the practical utilization for the production of 
canned products. 

Laboratory experiments on this problem were carried out at VNIKhI and field 
experiments in a fish plant in the Latvian SSR. 

Sprat was frozen in 3. 5-4.0 kg blocks in a tunnel freezer with a strong air blast 
at -30° C. The frozen fish were stored at temperatures of -18°, -25° and -35° C. 
Unglazed blocks, as well as blocks glazed in ordinary water and in a 0,8% aqueous 
solution of ascorbic acid were kept at each temperature. The glazing constituted 
5-6% of the weight of the fish. 

Quality evaluations of the fish during storage were made with respect to changes 
in’fats, proteins and organoleptic characteristics. 

The quality of the fat was determined by its peroxide content (according to the 
iodometric method, using chloroform for extraction of fat), that of the protein by 
the amounts of total and coagulable protein and of myosin (extraction with 5% 
sodium chloride solution) . Sensory tests were made of cooked fish and of the final 
product (sprats and sardines). 

The effect of glazing and of temperature on the change in peroxide numbers 
during storage of the sprat is shown in Fig. 1. The analytical results demonstrate 
the important part played by the glaze and the low temperatures in retarding the 
development of oxidative processes during the holding of the fish. 

Unglazed specimens were subject to oxidation at all the storage temperatures 
investigated already during the first month. In the first month oxidative processes 
were observed in the glazed product only at -18° C., no peroxide formation being 
noted during that time at the other temperatures. At -25° C. peroxides began to 
appear in glazed sprat after a month’s storage, and at -35° C. after 3 months’ 
storage. 

The peroxide values for the glazed fish at -18° C. were the same after three 
months as for the unglazed fish at -35° C. 

A significant inhibiting action on the oxidation process in the fish fat was exerted 
by the ascorbic acid (Fig. 2). 

For example, in storage at -25° C. the formation of peroxides in the fat of fish 
glazed with 0.8% ascorbic acid ice began a month later than in fish with glaze of 
ordinary ice. 

Ascorbic acid plays a more important part in the retardation of oxidation at 
higher than at lower temperatures. 



Fig. 1. The influence of glazing and temperature upon the change of peroxide numbers 
during the storage of sprat. 

1. glazed at -18° C, I'unglazed at -18° C. - 2. glazed at -25° C, 2’ unglazed at -25* C. - 
3. glazed at -35° C., 3' unglazed at -35° C. 
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Although ascorbic acid noticeably retarded peroxide formation, in the sensory 
evaluation of the ascorbic acid fish specimens the presence was marked of a foreign 
taste and odour in the fish. 

The results of these investigations agree with the conclusions of Banks [1] and 
Perepletchik [2] as to the antioxidant properties of ascorbic acid and with those 
of Banks as to the influence of ascorbic acid on the organoleptic evaluation of fish. 

The use of low storage temperatures for sprat markedly improves the keeping 
qualities of the fat. Moreover, at lower temperatures the sublimation of the glaze 
is considerably diminished, preventing the fish surface from dessication. 



Storage time (months) 

Pig. 2. The influence of ascorbic acid and temperature upon the change of peroxide num- 
bers during the storage of sprat. 

1. glazed at -18° C. - 2. glazed at -25° C., - 3, glazed at -35° C. - 4. glazed with 
ascorbic acid at —18° C. — 5. glazed with ascorbic acid at -25° C. — 6. glazed with ascorbid 
acid at -35° C. 


In the studies on the protein solubility changes, no marked differences were 
revealed for the various storage temperatures and methods of processing of the 
sprat. This is evidently connected with the fattiness of the fish, because the 
solubility of protein, and particularly of its major fraction, myosin, depends upon 
the presence of lipoids, free fatty acids and other compounds in the fish. 

It is known from the experiments of Dyer [3] that, other conditions (tempera- 
ture and time) being equal, the denaturation of the protein of fatty fish develops 
slower than in nonfatty varieties. Hence, changes in the protein of the tissues will be 
less noticeable on storage of frozen sprat than changes ‘in the fat. For utilization 
of frozen fish for canning, it is of practical importance to prevent changes in the 
protein of the skin layer which, owing to dessication, is particularly likely to become 
denaturate. In this respect glaze and low temperatures, hindering dessication 
of the surface, are important not only from the point of view of safeguarding 
against fat oxidation, but also as a means of retarding denaturation of protein. 

Canned products (of the sardine and sprat type) were prepared from the experi- 
mental lot of sprat immediately after freezing and after 3 months’ storage at -18° C. 

Thawing the fish for this purpose was carried out in water at a temperature of 
10-12° C. The thawed fish had a good appearance and firm texture. There was 
not a single case of belly barns^. 

. On smoking the fish prior to canning the heat treatment in the oven is of prime 
importance. The quality of this intermediate product to a considerable extent de- 
termines that of the finished canned goods. In smoking, the skin of the fish may 


^ Fish with the intestinal tract burst open. 
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be impaired, making the fish unsuitable for canning. Frozen sprat is less resistant 
in this respect than the unfrozen product. 

In processing the experimental lot of sprat for canning, 91% of the intermediate 
product was suited for further treatment. 

The main characteristic for appraising the loss in quality of the smoked fish 
is impairment of the skin during the smoking operation. The origin of this defect 
may be traced back to both the conditions of the cold storage of the' frozen fish 
as well as the smoking process itself. The effect of cold storage is manifested in 
denaturation of the skin protein. Since denaturation causes loss of firmness and 
elasticity of the skin the latter becomes more subject to mechanical damage during 
the heat treatment. 

The preservation of the skin depends both on the method and conditions of 
smoking. Practical experience has shown that a short steaming of the fish in 
the smoking kiln results in a stronger skin. 

On the basis of organoleptic tests it was established that canned sprats and sar- 
dines prepared from frozen sprat which had not been subjected to further storage, 
had a good texture, appearance and flavour and were comparable to canned pro- 
ducts from unfrozen fish. 

No significant difference has been found between canned fish prepared from 
frozen glazed sprat after 3 months’ storage at —18° C. and that prepared from 
frozen non-stored specimens. Only in a few cases were impairments in the skin 
observed. 

The advantages of the glazed sprat came to the fore during the organoleptic 
evaluation of fish cooked after storage at different temperatures. The taste panel 
recorded the considerable part played by glazing and by low storage temperature 
not only in preserving the fat, but also in preventing denaturative changes in the 
protein. Thus after a month’s storage at -18° C. ‘‘dryness” was marked in both 
glazed and unglazed specimens, but the defect was more noticeable with the former 
than the latter. Dryness was also found with unglazed specimens kept at -25° C., 
but did not appear with the glazed ones stored at the same temperature. Note 
was made of the succulency of the fish stored at -35° C., there being hardly any 
difference in quality between the glazed and unglazed fish. 

According to the sensory tests after 2.5 months’ storage sprat kept at -18° C. 
without glazing already had a slightly oxidized fat and a faintly bitter taste. Bit- 
terness was not noted in specimens stored at the other temperatures (-25 and 
-35° C.). Further development of dryness was noted in specimens stored at -18° 
and in unglazed fish stored at - 25° C. 

Our data on the importance of glazing during the cold storage of sprat are in 
accord with the findings of E. Nikkila and R. Linko [4]. 

Based on the results of the chemical and sensory analysis in the process of 
treatment of the fish and of the finished product the following limits in storage 
time for frozen fish to be used for canning have been established: 

at -18° C. unglazed 1 month 

at -18° C. glazed 2 months 

at -25° C unglazed 1.5 months 

at -25° C. glazed 3 months 

at -35° C. unglazed 3-4 months 

at -35° C. glazed 4-5 months 

In conformity with the technology developed, in the fish packing plants of 
the Baltic coast considerable quantities of sprat are frozen during the main catching 
period and are subsequently packed as canned sprats and sardines between seasons 
or during stormy weather. Such extension of the operating time of the canneries 
makes for better utilization of the raw fishery products. 
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Ultra-violet Irradiation as a Factor Prolonging the Storage Life of Foods 

L’utilisation des rayons ultra-violets pour la prolongation de la duree de con- 
servation des aliments. 

N. A. GOLOVKIN 

The Leningrad Technological Institute of the Refrigerating Industry, 
Leningrad, U. S. S. R. . 


SOMMAIRE. Les rayons ultra-violets sont plus efficaces aux basses temperatures 
au-dessus de 0° C. qu'au-dessous. Ueffet lethal des rayons ultra-violets sur les micro- 
organismes est plus intense pendant les premiers stades de leur developpement. Un 
abaissement de la temperature ambiante retarde leur developpement et contribue 
ainsi a P efficacite de P irradiation. U action des radiations est cumulative, ce qui per- 
met une large application a la prolongation de la duree de conservation des aliments. 
Un certain nomhre de chercheurs a trouve que les bacteries se stabilisaient a la sur- 
face des aliments par suite de Pirradiation. Get ejfet permet de simplifier les tech- 
niques d’irradiation aux ultra-violets et de les rendre plus sures. Les recherches 
theoriques et Pexperience pratique sur P application des rayons ultra-violets ont 
revele la commodite de Pirradiation pour la prolongation des periodes de conserva- 
tion de diverses denrees perissables. Ueffet demande peut etre obtenu par sterilisa- 
tion directe de Pair, de P emballage et des aliments par les rayons ultra-violets. La 
duree d^ irradiation ou la dose let hale de radiations ne dependent pas seulement de 
la source d' irradiation,, mais aussi des conditions d’entr epos age, de la nature des 
aliments entreposes, de leur contamination, etc. . . Grace d P application de Pirradia- 
tion il est possible d’ameliorer nettement des conditions sanitaires de preparation 
des aliments fabriques dans les ateliers artisanaux et les installations industrielles. 


The germicidal properties of ultra-violet rays have been discovered 80 years ago 
but only recently did UV irradiation attain wide industrial application for improving 
the storage conditions and prolonging the storage life of perishables. 

Research has been carried out in this field in various countries of the world. 
A number of scientific research institutes in the Soviet Union are investigating the 
problem from various viewpoints [1-4]. A permanent committee has been set up 
under the Scientific Council of the Institute of Biochemistry of the U.S.S.R. Academy 
of Sciences to coordinate and summarize various works dealing with ultra-violet 
irradiation. 

The present paper briefly reviews some of the investigations carried out by the 
Leningrad Technological Institute of the Refrigerating Industry [-12]. 

Experimental investigations on pure cultures of moulds have shown that the 
efficiency of ultra-violet irradiation increases when combined with low tempera- 
tures. The destruction of microorganisms is augmented in this case by 15-18%. 

The changes which occur in the cell proper and in its surroundings at a low 
positive (above 0° C.) temperature probably form the basis of an increase in sen- 
sitivity of the living organism to ultra-violet rays under the influence of cold. 

Investigations have revealed that irradiation of mould cultures at sub-zero tem- 
peratures are considerably less effective than at positive temperatures; this pheno- 
menon is explained by a retardation of the photochemical and especially chemical 
processes occuring in the cells. By raising the temperature of mould spores from 
sub-zero to above zero before irradiation, the degree of destruction of the spores 
under the influence of ultra-violet rays is sharply increased. 

A more effective action of radiant energy on warmed spores in the above case 
is explained, apparently, by the fact that certain essential irreversible processes 
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harmful to the vitality of the cells have occurred in the mould spores at sub-zero 
temperatures before the irradiation process. 

The cited investigations have definite practical implications. In particular, it 
follows from them that the use of ultra-violet irradiation at sub-zero temperatures 
is inexpedient. 

It has been established that the effect of ultra-violet rays is of a cumulative 
nature, i. e. the effect of a number of brief exposures is the same as that of one 
prolonged exposure [13]. 

We have found that ultra-violet irradiation creates a bacteriastatic effect in 
some foodstuffs. The delay in growth of the microorganisms on the irradiated food 
at optimal conditions of their development amounted in this case to two days. 
About 65 % of colonies grew on the surface of preliminarily irradiated foodstuff 
and they were smaller in size than on non-irradiated food. The bacteriastatic effect, 
as found by observations, depends upon the amount of germicidal irradiation, and 
upon the state of the surrounding medium as well. An extended duration of the 
bacteriastatic effect at lower air temperatures is caused not only by the direct tem- 
perature influence on the development of the microorganisms, but also by the 
greater stability of the substances formed due to chemical and physicocolloidal 
changes of the irradiated foodstuff surface. 

Special investigations connected with the study of the changes in the chemical 
composition of the surface of the irradiated foodstuff, are required to determine 
the mechanism and nature of the bacteriastatic effect. 

Wide application of ultra-violet rays is made possible by special germicidal 
lamps of various types manufactured by the Soviet industry: BUV-15, BUV-30 
and BUV-30P, BUV-60P. The first two types of lamps, having a nominal wattage 
of 15 and 30 W, are designed for operation at a 10 to 25"^ C. ambient tempera- 
ture; BUV-30P and BUV-60P, with a nominal wattage of 30 and 60 W and in- 
creased current density, are designed for operation at a 5 to 23° C. ambient tem- 
perature. Eighty per cent of the radiant flow radiated by the germicidal lamp has 
a wavelength of 253.7 m^ while the remaining twenty ^per cent comprise 297, 313, 
365, 405, 436, 546, 577 mp,, etc. wavelengths. 

It has been suggested to express the germicidal flow of the lamp sources by 
a unit of the germicidal flow-Bakt. A Bakt is the radiation flow with a wave- 
length of 254 m\i and a power of 1 W. If the radiation flow is related to 1 m2, 

jg 

germicidal irradiation will be equal to one Bakt per 1 m^ It is more convenient 


for practical measurements to apply a unit smaller by a thousand times - millibakt 

•o 

per 1 m2, . The amount of germicidal irradiation is the product of germicidal 

m2 

min _ ^ 

irradiation by the time of the action of the ultra-violet ray source — [14j. 


In the processing and storage of foods the greatest danger of contamination is 
offered by microorganisms present in the air in suspension. Investigations on the 
sterilizations of air by means of ultra-violet rays confirm the effectiveness of irra- 
diation and allow to develop technical requirements of utilizing UV lamps. 

Irradiation of air may be performed in the presence or absence of people. If wor- 
kers or the servicing personnel are present, measures should be taken to provide 
a maximum limitation of the germicidal flow and the rated power should not 
exceed 0.7 - 1 W per 1 m^ of the room. 

mB 

Germicidal irradiation should not exceed 5 — ~ in zones where people are present 

m2 


in the case of periodic irradiation, and 1 — if the lamps are on continuously. In the 
^ m2 

case of no people present, the air may be sterilized at a higher wattage, namely, 
up to 2-2.5 W per 1 m^ of the room. If the lamp sources are not screened, they are 
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used mainly at night, during the intervals in work or in periods specially assigned 

for this purpose. , . . j u t i 

The utilization of recirculating devices of various design and the use or the 
existing air ducts as well as other ventilating means with lamp sources installed 
inside, whereby the direct action of the rays on the people present is eliminated, 
may be considered the most successful version of applying ultra-violet steriliza- 
tion of the air in the presence of people. 

Sterilization of air is successfully used in the U.S.S.R. various refrigerating and 
food processing enterprises, for instance, in the shipping rooms, grading rooms, 
chilled food storage rooms, etc. 

Ultra-violet irradiation is applied also for the sterilization of water used for 
technological purposes. 

The working places, equipment and the packaging means are sometimes also 
Sterilized by ultra-violet irradiation. Portable devices with one or several lamps 
(depending upon the particular purpose) are best for such use. 

There are diverse applications of ultra-violet rays for direct sterilization of foods. 
Many foodstuffs spoil from the surface, and consequently a cessation of the deve- 
lopment of the surface microflora may result in a considerable increase in their 
storage life. Periodically irradiated chilled meat was preserved for longer periods 
than non-irradiated (2-2.5 times longer). It was possible in this case to raise the 
temperature and relative humidity of the air in the cold rooms which in its turn 
caused an acceleration of the meat aging process. 

Irradiation during or before chilling imparts bacteriastatic properties to the sur- 
face of meat carcasses. This allows considerably increasing the storage life of meat 
and eliminating the necessity of its periodic irradiation during storage. The maxi- 

mum amount of germicidal irradiation of meat is within 25 and 50 ■ — - 


Due to the comparatively high drying temperature and the high relative humi- 
dity used in the production of semi-smoked sausage, sausages sometimes grow 
mouldy in the drying chamber, especially in summertime. This essential production 
fault is easily eliminated by means of preliminary irradiation of the sausage before 
drying. 

It should be considered when applying preliminary irradiation of any foodstuff 
that the (duration of the germicidal effect is prolonged in case of the further storage 
of the foodstuff at low positive temperatures. 

Experimental irradiation of cheese has led to good results. No mould appeared 
on cheeses preliminarily irradiated before storage in the course of 6 months’ storage 
at 3-4° C., while non-irradiated cheese grew mouldy during the 4th month. 

Positive results have been attained also by irradiating citrus fruits stored from 
one to one and a half months after being harvested. 

Experiments on the irradiation of chicken eggs before breaking them for freezing 
justifies recommendation of this method for the disinfection of eggs. 

The irradiation of milk in a thin layer for several seconds makes it possible 
to sharply retard its going sour. For instance, at 5° C. the acidity of non-irradiated 
milk increased during 72 hours of storage by 7.8° T. while in the case of irradiated 
milk the increase of acidity amounted to only 1-1.5° T and the milk had no devia- 
tions from the standard. 

Thus, the application of ultra-violet rays in a number of branches of the food 
industry, including the refrigerating industry, already provides positive results for 
the storage of raw and processed foodstuffs. 

However, vast investigations are still required on the irradiating process and 
especially a study of the action of ultra-violet rays on foodstuffs which are in all 
respects complex objects. 
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The Hydrature and Differential Hydrature of Foods. 

Changes Occuring during Cooling and Freezing 

Proportions d’eau («hydrature» et «differential hydrature») dans les denrees 
alimeritaires. Modifications intervenant pendant la refrigeration et la con- 
gelation 

G. TCR5K and E. ALMASI 

Institute for Research in Canning and Refrigeration, Budapest, Hungary. 


SOMMAIRE. Vun des constituants les plus importants des denrees est Veau, 
Son importance a ete demontree par de recentes analyses de chtmie colloidale et par 
Pexamen des systemes et structures macromoleculatres. Pour caracteriser les etats 
de reau dans les denrees (eau litre et eau liee), le terme Ue <shydrature» (propor- 
tion d'eau ) a ete cree par Walter. 11 est egal d Vhumidite relative d'equilibre ( en %) 
de la substance consideree. Pour insister sur P importance de I’ eau liee, un des auteurs 
de ce rapport propose le terme de «differential hydraturey> (qui est egal a [iOO- 
«hydraturey>'], en %). Vaccroissement de la proportion d' eau liee correspond d un 
accroissement de cette «differential hydratures>. La refrigeration et surtout la con-^ 
gelation entrainent un accroissement rapide de la «differential hydrature)>, lie d 
une diminution de la proportion d'eau litre, facteur indispensable pour les trans- 
formations chhniques et biochimiques. Le retour d la temperature initiale, c est-a-dire 
la decongelation, rend d P«hydrature» sa valeur initiale. 

Neanmoins, Petat des denrees decongelees, aprh congelation ou surgelation, est 
-plus ou moins different de Peiat initial. Aussi, on peut en deduire que les change- 
ments de la ^differential hydrature»^ survenant pendant la congelation, entratne des 
modifications permanentes de certaines proprietes de la denree, Parmi celles-ci, des 
modifications d'activite des enzymes et des changements de permeabilite de la mem- 
brane cellulaire ont ete Hudiees. 


Our foods consist mainly of' plant and animal tissues or their extracts. Their 
constitution is quite varied, but one of the major components of most of thern is 
water. In spite of this, its role and functions have received only little attention, 
possibly because it has no nutritive value. Only the study of colloid chemical and 
macromolecular structures and systems has pointed out the complex function of 
water in foods. Also, the fact that the water content of foods does not consist of 
water molecules of uniform state and function, has been shown only recently. The 
“polymolarity” of water itself, as well as its state within the system, also varies [1]. 
One part of the water may be assumed as more or less free water, while the other 
is bound in a varied manner by changing forces. 

Although controversies in the question of bound or free water still exist, especially 
in relation to definition, determination of quantity etc., the fact itself may be 
considered as settled. Several reviews attempted to classify the bound proportions 
- suffice it here to recall the publications of Plank or Rebinder - but all^ authors 
are united in the opinion that water content alone does not define the “state of 

water” in food. ‘ i r n 

In our opinion, the best approach to this question has been made by Walter [2J. 

His definition is based on the analogy between water content and heat content. As 
the heat content of a material does not define the “state of heat”, similarly its 
water content cannot indicate the “state of water”. If two materials of differing 
“state of heat” are brought together, equalisation depends on the “state of heat” 
and not on the heat content. A similar situation exists between materials of differing 
water content. Equilibrium sets in at an identical “state of water” and not at an 
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identical water content. On the analogy of the word “temperature”, expressing the 
state of heat, Walter coined the term “hydrature”, characterising the state of water. 
1 he latter is measured by the relative water vapour tension or the relative humidity 
ot the air in equilibrium with the material. Since relative vapour tension and 
osmotic pressure of a solution are colligative properties, hydrature may be charac- 
terised by osmotic pressure, it can be evaluated from freezing point measurements. 



i 
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Walter’s idea is' essentially correct: hydrature is a readily interpretable term. 
As a term, it reflects the end effects of all water-binding processes. 

Walter’s characterisation of the state of water may be further developed by 
examining the situation from the angle of the bound water content, i.e. by studying 
the deviation of the state of water in the foodstuff from that in pure free water. 
Generally, in foods the role of bound water is of importance, and thus it seems to 
be in place to introduce a new term expressing the degree of water-binding. In 
this interpretation the term': “state of water” is used as the functional sum total 
of the fractions constituting the total water content of the food at given parameter 
values. Using this definition, the state of water in pure water is 0 (in contrast to 
Walter who uses the number 100 to characterise this state); in concentrated 
solutions of hydrated macromolecules, such as in foodstuffs, it has a high value. 
In order to differentiate our statements from Walter’s values, we introduce the 
expression “differential hydrature” (DH). Numerically, DH values may be 
obtained from Walter’s hydrature figures as follows: 

DH = (hydrature of pure water) - (hydrature of the system examined). 
Thus, DH expresses the proportion of bound water in the system and increases 
with increasing binding [1]. 

The advantage of the terms hydrature and DH is their independence of the 
percentual water content of the system. Thus, changes and differences in hydrated 
aqueous systems of fixed water content may be registered. 

A further advantage of DH is that changes of all parameters - lowering of vapour 
tension, osmotic pressure, freezing point depression - are unidirectional and easily 
convertable into each other. Correlations are simple to calculate but graphical 
interpolation is still more convenient and the values thus obtained are sufficiently 
accurate in view of the accuracy of the methods of determination. (Figs. 1, 2). 

Foods always contain both bound and free water. There are also water fractions 
of intermediate state between these extremes. The bound or free state of these is 
a function of temperature. Bound water, and thus DH of foods is an always 
changing value: the ratio of bound to free water and the amount of water of 
intermediate state are not fixed. The number of water layers pertaining to the 
hydrated components of foods is changing with temperature: in a fluid phase 
system, it decreases with heating, and increases with heat removal. 

Generally speaking, foods are not eaten in. their original state of water, not even 
those which are eaten raw (fruits, salads) because, in the period between plucking 
and consumption, DH changes: drying sets in due to the loss of free water. Changes 
occurring during cooling and freezing of foods are even more significant. One 
practice of heat removal, cooling, involves heat removal down to the temperature 
zone near, yet always somewhat above, the freezing point. In the course of this 
process, the water content of the food is in the lowest possible temperature range 
of the fluid phase, without suffering change in state, i.e. without ice formation. 
Although certain changes in DH are brought about by heat removal, this increase 
is not large enough to prolong the keeping time up to the level of that of preserved 
products. With the increase in DH caused by cooling, a decrease in the activity 
of enzymes of tissues and microorganisms sets in but a dormant state or a cessation 
of activities cannot be achieved. 

Freezing of foods causes a substantial change in DH by transforming most of 
the free water into ice. Slow and quick freezing differ only in the velocity of the 
water - ice transformation and from this it follows that, at a given temperature, 
DH values of frozen and quick-frozen foods are identical. The reason for the 
usually encountered salient differences between frozen and quick-frozen foods is 
to be found elsewhere. This has mainly physical explanations. In a frozen system, 
concentrated solution always remains around the ice crystals. This solution consists 
of the original solute and the residues of fluid water. With slow freezing, only 
few but large crystals are formed. Therefore, the surface area of ice is not large. 
Quick-freezing brings about the formation of many small crystals and a very large 
“ice surface”. Thus absorptive immobilisation of substances is considerably 
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stronger with quick-freezing and this, too many contribute to the slowing-down of 
enzymatic processes. 

From the point of view of hydrature and DH, the beneficial effect, on keeping 
qualities, exerted by freezing and quick-freezing may be explained as follows. The 
proportion of free water, the indispensable factor of chemical and biochemical 
processes, is lowered accompanied by an increase in DH up to a level where 
biological and microbiological processes are effectively inhibited. 

Since, in a given foodstuff, DH is a function of temperature, restoration of the . 
original temperature brings about a reversible restoration of the original value of 
DH. From this it would follow that the state of defrosted frozen or quick-frozen 


TABLE 1. ENZYMATIC ACTIVITY OF RAW GARDEN PEAS 


Enzyme 

Before freezing 

Quick-frozen and thawed 
after 5 months of storage 
at -20° C. 

Catalase 

37,0 

8,7 

Peroxydase 

1,8 

1,3 

Diastatic activity 

250,0 

370,0 

Amylase 

1,2 

1,5 


products should be identical with the original. In practice, however, one frequently 
encounters the opposite situation. This discrepancy may presumably be explained 
by irreversible changes in enzyme systems, in permeability of cell walls etc. caused 
by the high value of DH occurring during freezing and quick-freezing. In fact, 
we succeeded in detecting quite considerable changes in enzyme activity and perme- 
ability. Distortions of the functioning of enzymes were measured in frozen green 
peas by comparing the enzyme activity of fresh raw garden peas with that of raw, 
frozen peas stored at -20° C. for 5 months (Table 1). 

It may be seen that the numerical values of catalase and of diastatic activity 
differed quite considerably in spite of the fact that both series of measurements 
were made at +20°C. 

To observe changes in the cell wall, changes in permeability of sugar beet slices 
were studied. With thawed slices, previously frozen at -20 and -40°C. resp., 
permeability, as measured by the diffusion constant, was found to increase sub- 
stantially and in proportion to the temperature lowering. The diffusion constant 
for sucrose and calcium was found to be higher in the product frozen at -20°C. 
and even more so with tissues frozen at ^0°C. It is interesting to note that the 
increase was smaller with calcium; it is perhaps bound to compounds of higher 
molecular weight than sucrose (pectin) [3, 41 / 2 . (Table 2). 


TABLE 2. CHANGES IN PERMEABILITY OF SUGAR BEET SLIC^ 


Treatment of beet slices 

Diffusion constant X cm® /min. 

sucrose 

calcitim/Ca*’*'/ 

Raw 

23,6 

24 

Frozen at -20 °C. 

96 

61,5 

Frozen at -40 °C. 

227 

83 


In the case of cooling, secondary effects could not be detected (in spite of the 
fact that relatively small changes occur here, too). Thus restoration of the 
temperature causes the food to return to its original state reversibly. 
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All these observations point to the conclusion that the phase change water*ice, 
accompanying freezing and quick-freezing, brings about a substantial increase in 
DH, and this increase involves manifestation of secondary effects which, while 
considerably improving the keeping quality, may cause significant decreases in tissue 
reversibility. 
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Investigation of the Discharge Valves of a High Speed Compressor 

Recherches sur ies clapets de refoulement des compresseurs a grande vitesse. 
B. L. TSYRLIN 

The Scientific Research Institute of the Refrigerating Industry of the U.S.S.R. 
Moscow, U.S.S.R. 


SO MM AIRE. Des recherches experiment ales ont He realisees a llnstitut de 
Recherches Scientifiques de I Industrie Frigorifique d’U.R.S.S. sur un compresseur 
d ammoniac de 80 mm de course de piston et d’alesage pour 960 et 1430 tjmn. 
Vobjet principal de ces experiences etait la recherche des processus d'echange de 
chaleur dans le compresseur. Certaines donnees sur les clapets, en particulier les 
clapets de refoulement etaient ensuite obtenues d partir de diagrainmes indie at eurs 
provenant d'un indicateur electrique avec manometre tensometrique. 

On trouvait experimentalement que le travail supplementaire du d la depression du 
clapet de refoulement s’elevait d 3% pour 960 tjmn et 6,3% pour 1430 tjmn (dans 
des conditions de fonctionnement normales). Celle-ci non seulement augmente le 
travail de compression du compresseur, mais entraine aussi une temperature d' aspi- 
ration plus elevee. U elevation de temperature de la vapeur a pour consequence 
une augmentation du travail de compression ainsi qu*une diminution du rende- 
7nent ponderal du compresseur. De ces trois fafons, le travail supplementaire, du 
a la depression du clapet de refoulement entraine une reduction de Feffet frigori- 
fique specif ique (k^ kcaljkwh). 

Avec une elevation de la vitesse de rotation de la machine, la possibilite d^eli- 
miner la chaleur degagee par le travail supplementaire du a la depression du 
clapet de refoulement est reduite. Le refoulement du gaz est un phenomene com- 
plique et depend beaucoup de la dynamique du mouvement du disque du clapet 
et de I’ oscillation du res sort du clapet. Les recherches sur le diagramme indicateur 
ont permis de definir les coefficients de resistance du clapet de refoulement qui 
caracterisent la perfection du clapet pour le passage des gaz. La perte de charge 

^ p _ ^ depend beaucoup du coefficient de resistance Pour un 

clapet' simple d disque du compresseur etudie cette quantite s' est revelee Hre 
i = 11,3. . 

D'aprH les recherches sur les clapets d lamelles effectuees par T. Kondratyeva 
en etablissant d travers. les clapets un ecoulement stationnaire , | peut Hre reduit d 
4-6, ce qui permet une augmentation sensible de la vitesse des compresseurs sans 
perte notable dans les soup apes. 

In the Refrigerating Machines and Appliances Laboratory of VNIKhI an experi- 
mental study was made of the operation of a uni-cast cylinder-crankcase housing 
ammonia compressor. The machine investigated was a serial four-cylinder model 
with both stroke and bore 80 mm. Tests were made at 960 and 1450 rpm. 

The main object of the study was to elucidate the effect of the heat processes 
within the compressor on its operation. The indicator diagrams obtained also 
yielded data on the functioning of high speed compressor valves. The diagrams 
were obtained by an electric indicator assembly provided with a tensimetric 
pressure sensor. 

The schematic diagram of the assembly developed in the Control and Mea- 
suring Instruments Laboratory of VNIKhI is shown in Fig. 1. 

The pressure sensor constituted a section of a Bourdon tube with wire resistors 
(tensimeters) cemented to its concave and convex surfaces. Both ends of the tube 
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Fig. 1 . Schejnatic diagram of indicator, a - compressor, b - pressure sensor, c - balancing 
block, d - electric generator of sonic frequencies, e - power supply, / - amplifier, g - de- 
tector, i - dead point recorder, h - oscillograph, m ~ and m* - dead points. 



Fig. 2. Schematic diagram of sensor installation in the discharge valve, a - sensor casing, 
b - Bourdon tube, c - wire resistor sensors, d - terminals. 1 - valve seat, 2 - plate, 3 - 
spring, 4 - plate motion check. Fc — cylinder pressure, Pa - atmospheric pressure. 


were rigidly fixed, one of them being sealed while the other was open, permitting 
entrance of gas. Fig. 2 shows the sensor mounted in the discharge valve. 

Preliminary experiments showed that the position of the sensor greatly affects 
the accuracy of the diagrams. Initially the sensor was mounted outside the cylinder 
and joined to it through a three way stop -cock by a 100 mm long channel (3 mm 
bore). This position was found to be unsatisfactory, the diagrams obtained being 
distorted. In particular, considerable pulsation occurred in the suction and dis- 
charge lines, evidently due to pressure fluctuations in the connecting channel 
and stop cock. It should be noted that indicator diagrams with similar pulsations 
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have been produced in different investigations and in number of cases may also 
have been due to connecting line effects. 

Subsequently all tests were made with the sensors mounted directly in the 
cylinder (see Fig. 2) and no pulsations appeared either in the discharge or the 
suction lines. Also the peaks corresponding to the moments of opening of the 
discharge valve at the end of the compression stroke and of the suction valve at 
the end of the reverse stroke stood out more clearly. 
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Fig. 3. Indicator diagrams a - 960 rpm., b - 1450 rpm. 


In Fig. 3 typical diagrams in PV coordinates are represented, obtained for speeds 
of 960 and 1450 rpm. The hatched areas represent the excess work caused by the 
pressure losses in the suction and discharge valves. 

The relative value of the energy losses due to wire drawing may be determined 
as the ratio between the corresponding excess area to the overall area of the 


diagram. 


100%, for discharge, and 


100%, for suction. 


/ \ 

In Fig, 4 the curves show the energy losses in the discharge valve -p — for 1450 
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Fig. 4. Energy losses in discharge valve, a - 960 rpm., b - 1450 rpm. 
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and 960 rpm as a function of the evaporating temperature t^. As can be seen, 
the losses due to the pressure loss increase with increase in the evaporating tem- 
perature. For standard conditions they constitute about 3% at 960 rpm and 6.5% 
at 1450 rpm. 

Determination of the wire drawing during suction with sufficient accuracy is 
difficult owing to the small absolute values for the pressure losses in the suction 
valve. The overall pressure losses of both the discharge and suction valves under 
standard conditions are about 5% at 960 and about 10% at 1450 rpm. 

It should be noted that actually the energy losses due to pressure loss in the 
valves are significantly higher than the values obtained directly from the indicator 
diagram. The excess work spent on overcoming the resistance in the valves not 
only leads to an increase in the indicator work but also to an increase in the heat 
evolved in the working cycle of the compressor. This increased heat evolution 
causes 'more heating up of the vapour during intake and at the beginning of com- 
pression, which in turn augments the work of compression on the one hand and 
lowers the weight capacity on the other. All this leads to decrease in the specific 
refrigerating capacity (Kcal/kwh). 

The compressor efficiency depends significantly upon the amount of heat 
removed. This, however, is relatively low in the case of water cooled cylinders. 
Our experiments at 1450 rpm have shown that the amount of heat removed in 
the jacket approaches (cvj 98%) the equivalent work of friction AL^j, (including 
the work done by the oil pump) at this speed. At 960 rpm the heat removed is 
about 1.8 ALfj.. 

The amount of heat removed in the cooling jacket practically did not increase 
on raising the number of revolutions from 960 to 1450, whereas the specific 

heat discharge in the jacket decreased in proportion to increase in thecapa- 

city G^. Hence with increase in speed there is a diminished possibility of elimin- 
ating heat, in particular, evolved from excessive work due to pressure losses in the 
valves. With increased speed, energy looses in the valves grow, owing both directly 
to increased excessive work and to fall in heat elimination. 

The indicator diagrams obtained did not reveal directly the presence of signi- 
ficant volumetric losses owing to the throttling of the vapour in the suction valve. 
However, as was shown above, pressure losses in the valves lead to decreased 
efficiency owing to fall in value of the heating up coefficient 

The relative value of the energy losses in the valves is a function also of the 
weight capacity, hence the volumetric parameters of the compressor depending 
prediminantly on the relative clearance volume C% is of paramount importance. 
One should strive to lower the clearance volume but without considerably increas- 
ing the velocities in the valves. 

Not only the velocity in the various valve passages affect the magnitude of the 
losses, but also the valve design plays a significant part. Ordinarily in estimating 
the losses of various appliances use is made of the dimensionless friction coefficient 

determining the magnitude of the resistance in fractions of the dynamic head 
of the flow through the given appliance. The loss in pressure due to resistance is 
then expressed by the usual formula 


( 1 ) 

We shall assess the design qualities of the valve analogously. 

The intake and discharge of gas in a cylinder is a complicated process depen- 
dent to a large extent upon the dynamics of motion of the valve plate and tension 
and oscillation of the valve spring. Because of the dynamic forces applied to the 
valve plate its flow area generally speaking does not remain constant. Hence 
the gas velocity in the valve and, therefore, the resistance (pressure drop) along 
the discharge stroke follows very complicated relationships of which the analytical 
expression has been derived by N. A. Dollezhal [!}. 
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Here determination of the losses in the valves are based on results of experi- 
ments, whereas for an appraisal of the valve design we shall introduce a coeffi- 
cient similar to that of equation (1). 
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Fig, Characteristics of discharge valves. 960 rpm., — 

sure loss in valve, S - piston stroke. 
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Fig. 5 shows curves for pressure changes in the discharge valves determined as 
the difference between the discharge pressure on the indicator diagram and the 
pressure Pg in the discharge outlet after the compressor. The values for the velo- 
cities of gas in the valve openings are presented. The velocities are plotted with 
the assumption of full plate lift, i. e. they depend only upon the piston speed at 
the given point. Plots are given for speeds of both 960 and 1450 rpm. 

Along the X-axis are plotted portions of the piston stroke. The upper dead 
point serves as coordinate origin. The segments on the lines ^p = f(s) from x 
to a and from x' to of correspond to positions of the closed valve; from to ^ 
{a' toM) the valve is opening and from' ^ to 0 {b' to 0) the valve is open. 

The value of the energy lost by wiredrawing during the entire discharge process 
including the excessive work of compression in the closed valve region may be 
(•x 

expressed as \ Apds 

•'o 


At the same time 


S x 

Apds equals 

0 


the area xahox or area x'a'b'ox\ The same quantity 


for the energy loss may be expressed in terms of the dynamic head as Cy = ^ W^ds 
or, designating by the mean value for the specific weight in the discharge process 
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The resistance coefficient of the valve then becomes 


\ Apds 


Jo 


The curves of the functions ~ =/(^) are also given in Fig. 5. 


The quantity 


represented in Fig. 5 by the areas xx\ox and x'x\ox' 


in its corresponding scale (for the sake of clarity the latter has been enlarged as com- 
pared with that for the curves Ap =f{s). The coefficient Ct;» is obtained by dividing 
the respective areas. 

Determination of the valve resistance coefficient in this way is somewhat 
conditional, since not only the gas dynamics characteristic of the valve but also its 
design features, in particular, the spring tension, are involved here. However, it has 
merits in that it takes into account all elements determining energy losses in the 
valve. As can be seen in Fig. 5, the resistance greatly depends upon the valve 
spring tension. This determines the pressure difference at the points a and x 
{a and x') and correspondingly the area under these segments of the curves 
= f(s). A similar condition holds for the open valve segments ab or a'h'.. 

It should be noted that on the segments ho {b'o) the valve plate is not always 
fully lifted to the guard. Therefore, in all cases, determination of the energy loss 
coefficient as fraction of the pressure head, when the true values of the veloci- 
ties in the valve are unknown, is conditional. 

From the analysis of the indicator diagrams it was found that the quantities 
for various operating conditions at both 960 and 1450 rpm were close in value 
(deviation not exceeding 10%). Their mean value was = 12.7. 

Also of considerable interest is determination of the valve resistance under the 
steady state flow. Such studies have been carried out by a number of authors 
[2, 3]. Under steady state flow the resistance coefficient of the single ring valve 
tested by us had a value of = 7. Considering that gas outflow from under the 
plate along its exterior diameter is unhampered, the value is rather high. According 
to the data of T. T. Kondratyeva [3] investigating the reed valve, the coefficient 
of resistance of the latter may be lowered to = 4 ~ 6. Correspondingly the 
energy losses in such valves will sharply fall. 

Decrease in the energy losses in the valves of particular importance for high 
speed machine are to be achieved both by improvement in the aerodynamic pro- 
perties of the passages as well as by rational choice of spring rigidity. Judgement 
of the quality of different valves should be made on comparison of their resistance 
coefficient both in the steady state and under the actual operating conditions of 
the compressor. 
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Effect of On-Off Control on Working Economy of Refrigeration Equip- 
ment 

Influence flu reglage par tout ou rien sur I’economie clu fonctionnement du 
materiel frigorifique ' . 

y. POLAK 

Research Institute for Refrigeration and Food Engineering, 

Prague, Czechoslovakia. ' 


SO MM AIRE. La consomrnation de courant electrique du materiel frigorifique 
avec reglage par tout ou rien de la production frigorifique -varie suivant la longueur 
du cycle de fonctionnement, en raison de ^influence des etats transitoires. On 
prouve que Vhonomie du cycle frigorifique augmente en fonction inverse de la 
longueur du cycle de fonctionnement et Von montre I’effet des constantes de temps 
de P evaporation et du condenseur. ,On indique un certain nomhre de facteurs de la 
conception du compresseur et dans son exploitation qui ont une influence defavor able 
sur Veconomie de^ Vensemble du systeme frigorifique en regime variable. Pour 
obtenir P economic maximum du mat hi el frigorifique avec reglage par toute ou rien 
de la production frigorifique, le coryipresseur et son moteur doivent etre congus aussi 
du point de vue de P economic en regime variable de fagon qu'on obtienne le maxi- 
murk d'econoynie dans le fonctionnement avec des cycles courts. 

The input of refrigerating systems with on-off control of refrigeration output 
varies with the length of the on-off cycle. This is obviously the result of the influ- 
ence of transient states. I intend to show factors to be taken into account, because 
the design and adjustment of this type of refrigerating system carried out with 
regard to these viewpoints, can contribute to' a more economical operation. 

Let us assume a single-evaporator refrigerating system with on-off control. The 
refrigerating circuit is assumed to be dimensioned so that with the compressor 
running continuously, the evaporator removes heat Qo max from the space refrige- 
rated, the difference between the space refrigerated T^. and evaporator temperature 

in in max* 

At the same time the condenser is removing heat difference between 

the condensing temperature Tj^ involved and the temperature T^^ of surroundings 
through which heat is removed from the condenser, being max* 

With the heat load of the space refrigerated decreased from to value 

the system starts operating in cycles composed of the period during which the com- 
pressor is running and the period during which the compressor is at a standstill. 

During the working period of the cycle, the evaporator temperature drops, 
and rises during its off period. The system works with varying evaporator tempe- 
rature and the mean difference between the temperature of the space refrigerated 
Tj. and the mean evaporator temperature T^^^ is decreased to Ao* 

At the same time the difference between the mean condensing temperature Tjj,„ 
and the temperature T^^ of the surroundings cooling down the condenser, will be 
decreased to Ak* 

These conditions are shown in Fig. 1. After starting the compressor, at the mo- 
ment Tj^, the evaporator temperature drops from value T^^ until at the moment 
if reaches value T^g at which the compressor is cut off by the thermostat or presso- 
stat. The evaporator temperature will again start rising until at the moment Tg, at 
temperature T^i, the compressor will be started. 

The mean evaporator temperature during the compressor running period is not 
identical with that during its off period. Under the simplified assumption that a 
single-capacity system is involved, the mean evaporator temperature during the 
working period of the compressor will be: 
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Fig. 1. Relation of condensing and evaporation temperatures to the length of on-off cycle. 






'^Omin (^01 mitt) 


Where TQ-evaporator time constant. 

The mean evaporator temperature during the compressor off period is 


1 


T.-{T,-T,,)e- ^ 

The mean evaporator temperature during the whole cycle is 

rp _ ^oml('^2 + ^om2(^3 — '^ 2 ) 

om 


dr 



( 2 ) 


(3) 


For evaluating the economy of the refrigerating cycle, only value T^^mi enters the 
picture. 

Similar equations can fie written also for the mean condensing temperature during 
the compressor running period mean condensing temperature during the off 

period Tj^^g mean condensing temperature during the full cycle 

The influence of the length of the whole on-off cycle Tg-T^ on ,the size of value 
Tonii comes to prominence by substituting extreme values for Tg-T^ and Tg-Tg 
into equations (1) and (2). 

If, T3 - Ti — > 0, then 

lim Tqj^ Itm "^02 "^02 

If, on the other hand, Tg-T^ — X) then lim T^^ = lim = T^, lim T^g = * 

lim Tomi =. T„ . 

By changing the length of cycle Tg-T^^ in an on-off control system it is therefore 
possible to change the mean evaporator temperature during the working period of 
cyclf within the range of (T„ T„„). 

Similar conditions prevail on the condenser side. 

If, Tg - Tj — » 0, then 
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Effect of On-Off Control on Working Economy of Refrigeration Equip- 
ment 

Influence du^reglage par tout ou rien sur reconomie du fonctionnement du 
materiel frigorifique 

V. POLAK 

Research Institute for Refrigeration and Food Engineering, 

Prague, Czechoslovakia. 


SOMMAiRE. 'La consommation de courant electrique du mathiel frigorifique 
avec reglage par tout ou rien de la production frigorifique varie suivant la longueur 
du cycle de fonctionnement, en raison de ^influence des etats transitoires. On 
prouve que V economic du cycle frigorifique augmente en fonction inverse de la 
longueur du cycle de fonctionnement et Lon montre Leffet des constantes de temps 
de r evaporation et du condenseur. On indique un certain nombre de facteurs de la 
conception du compresseur et dans son exploitation qui ont une influence defavorable 
sur Leconomie de Vensemble du systeme frigorifique en regime variable. 'Pour 
obtenir Leconomie maximum du materiel frigorifique avec reglage par toute ou rien 
de la production frigorifique, le compresseur et son moteur doivent etre con f us aussi 
du point de vue de L economic en regime variable de fagon qu'on obtienne le maxi- 
mum d^ economic dans le fonctionnement avec des cycles courts. 

The input of refrigerating systems with on-off control of refrigeration output 
varies with the length of the on-off cycle. This is obviously the result of the influ- 
ence of transient states. I intend to show factors to be taken into account, because 
the design and adjustment of this type of refrigerating system carried out with 
regard to these viewpoints, can contribute to a more economical operation. 

Let us assume a single-evaporator refrigerating system with on-off control. The 
refrigerating circuit is assumed to be dimensioned so that with the compressor 
running continuously, the evaporator removes heat Qo max from the space refrige- 
rated, the difference between the space refrigerated T^. and evaporator temperature 

min Ao max* 

At the same time the condenser is removing heat difference between 

the condensing temperature Tj^ involved and the temperature T^ of surroundings 
through which heat is removed from the condenser, being Ak max* 

With the heat load of the space refrigerated decreased from Qq max value Q^, 
the system starts operating in cycles composed of the period during which the com- 
pressor is running and the period during which the compressor is at a standstill. 

During the working period of the cycle, the evaporator temperature drops, 
and rises during its off period. The system works with varying evaporator tempe- 
rature and the mean difference between the temperature of the space refrigerated 
Tj. and the mean evaporator temperature T^^^ is decreased to A©* 

At the same time the difference between the mean condensing temperature Tj^^ 
and the temperature T^ of the surroundings cooling down the condenser, will be 
decreased to Ak* 

These conditions are shown in Fig. 1. After starting the compressor, at the mo- 
ment Tj^, the evaporator temperature drops from value T^^^^ until at the moment Tg 
it reaches value which the compressor is cut off by the thermostat or presso- 

stat. The evaporator temperature will again start rising until at the moment Tg, at 
temperature T^^, the compressor will be started. 

The mean evaporator temperature during the compressor running period is not 
identical with that during its off period. Under the simplified assumption that a 
single-capacity system is involved, the mean evaporator temperature during the 
working period of the compressor will be: 
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Fig. 1 . Relation of condensing and evaporation temperatures to the length of on-off cycle. 



For evaluating the economy of the refrigerating cycle, only value enters the 

picture. 

Similar equations can be written also for the mean condensing temperature during 
the compressor running period mean condensing temperature during the off 

period Tj^ni2 mean condensing temperature during the full cycle *^km- 

The influence of the length of the whole on-off cycle Tg-Tj on the size of value 
Tomi comes to prominence by substituting extreme values for Tg-T^ and Tg-Tg 
into equations (1) and (2). 

If. T3-T1 -^0, then 

lim = lim lim = lim 

If, on the other hand, Tg-T,^ —•X) then lim = lim lim T02 = 

lim 

By changing the length of cycle Tg-Tj in an on-off control system it is therefore 
possible to change the mean evaporator temperature during the working period of 
cycle within the range of (T^ T,^) . 

Similar conditions prevail on the condenser side. 

If, Tg - Tj 0, then 
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lim — lim *^kin2 ^km 

If, on the other hand, T, - OO then 

lim — lim Tj^,n2 ^a» '^k2 "^kml max* 

By changing the length of cycle T3 --T^ in an on-off control system it is, there- 
fore possible to change the mean condensing temperature during the working period 
of cycle within the limits of 

Since the change in the evaporator temperature is taking place at the same time 
as the change in the condensing temperature, the value of the coefficient of per- 
formance of Carnot refrigerating cycle may reach values within the range of 
(«min» where 

^om»n 

® min nn 

* k max ^ 0 min 


To. 


f fem- 


Values and Tj^,„ are changing with the relative heat load of the space refri- 


gerated Q/Qmax- So under maximum heat load and with the compressor working 
continuously, then and Tj^m “ Tj^ max- space re- 

frigerated decreases, there is a drop of the mean difference Tj. — and of mean 
difference = T^. If Q O then lim T^m = and lim = T^. 


+. 1 - 


-) ^0 1 


^ k max 


— ^0 wm ^ (^fe MWJf + ^omaar) 

\ ^max / 


( 6 ) 


What values can be reached by relation £min/«s are shown in diagram Fig. 2, 
compiled for relations max “ Ao max = 15*^ C,; mean temperature of sur- 
roundings cooling down the condenser = 20° C. This diagram shows the de- 
pendence of relation fimin^^s relative heat load of the space refrigerated 

Q/Qmax temperatures of the space refrigerated from -20° C. to +10° C. The 
influence of suction pressure on the compressor refrigeration output has not been 
taken into account. 



F/g. 2 . Rise of the coefficient of performance of Carnot refrigeration cycle with decreasing 
heat load. 
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For example with relative heat load Q/Qniax “ a region very common in 
• refrigerating equipment, the relation is about 0,7. Under these conditions it 

should be possible in the extreme case to reduce power consumption by as much as 
30%, In reality in all cases T„,„^ > T„ ,„i„,and and also T„,„, < 

^ora "^kml ^ *^knr 

It is obvious that the coefficient of performance of Carnot refrigeration cycle will 
grow with increasing mean evaporating temperatures and decreasing condensing 
tenperatures. 

From the foregoing, the extent to which the thermostat or pressostat differential 
will influence the length of the on-off cycle and the values of mean temperatures 
in the compressor running period and appears. The magnitude of the 
mean condensing temperature can moreover be influenced by the magnitude of the 
condenser and evaporator time constants. As shown in Fig. 3, large condensed time 



F/g. 3. Effect of condenser time’ constant on condensing temperature curve in transient 
states. 


constant will reduce the mean temperature in the period of working cycle 
Small evaporator time constant will, at equal thermostat differential, shorten time 
"^2 “ indirectly reducing mean condensing temperature Decisive for 

the size of the time constants are heat capacities of these exchangers and the vapor 
volumes of the low-pressure and high-pressure sides of the refrigeration circuit. 

Heat capacity of water condenser is substantially higher than that of an air 
cooled one. Heat capacity can be increased by increasing the weight of material or 
the charge of refrigerant or water. The circuit volume can be enlarged by additional 
tanks. 

Both these alternatives of increasing the time constant will naturally increase 
the investment costs, the dimensions and the weight of the equipment. It is obvious 
that the most effective means of reducing difference - T^^^i and - Tj^m 
is by decreasing the differential of the thermostat or pressostat. This is easily ac- 
complished with the evaporator thermostat and the pressostat, their differentials 
being extensive. ' , 

The conditions of maximum economy of the whole refrigerating system are 
different from those of the refrigeration cycle, for the following reason: the economy 
of a refrigerating cycle as shown above, increases with the decrease of the diffe- 
rential, but on the other hand, there is an increase in the number of startings and 
stoppings of the compressor resulting in power losses in the compressor proper, its 
transmission and electric drive. 

Starting and stopping will create unfavourable phenomena such as losses by 
piston leakage, which are very important at low speeds, and losses by friction. On 
the other hand, wiredrawing is smaller. Another unfavourable phenomena is high 
inertia of the compressor mechanism, extending the period during which these losses 
occur. 

Exceptionally high are those losses that arise during transient states in a circuit 
provided with capillary tube as expansion element. After stopping the compressor 
there are heat losses due to noncondensed vapours entering the evaporator from the 
condenser. 

Losses of this nature occur also after compressor starting until the moment when 
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lim — lim *^km» ^kma ^kui 

If, on the other hand, Tg - > OO then 

hm lim Tjjj ^2 ^k2 "^kml max* 

By changing the length of cycle Tg - in an on-off control system it is, there- 
fore possible to change the mean condensing temperature during the working period 
of cycle within the limits of (T^m, Tj^ 

Since the change in the evaporator temperature is taking place at the same time 
as the change in the condensing temperature, the value of the coefficient of per- 
formance of Carnot refrigerating cycle may reach values within the range of 
(«min» where 

^omm V 

® min — ^ ^ 

^ k max ^ 0 min 

T ■ ' 

0mm 

' ^ km ^ pm 

Values and are changing with the relative heat load of the space refri- 
gerated Q/Qniax- So under maximum heat load and with the compressor working 
continuously, then and Tj^m = Tj^ load of the space re- 

frigerated decreases, there is a drop of the mean difference Tj. — and of mean 
difference = T^. If Q O then lim and lim ~ 



What values can be reached by relation £min/«8 are shown in diagram Fig. 2, 
compiled for relations Ak max “ Ao max = 15° C.; mean temperature of sur- 
roundings cooling down the condenser = 20° C. This diagram shows the de- 
pendence of relation' on the relative heat load of the space refrigerated 

Q/Qmax at temperatures of the space refrigerated from -20° C. to + 10° C. The 
influence of suction pressure on the compressor refrigeration output has not been 
taken into account. 



F/g. 2. Rise of the coefficient of performance of Carnot refrigeration cycle with decreasing 
heat load. 
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For example with relative heat load Q/Q^ax ~ ^ region very common in 

refrigerating equipment, the relation is about 0,7. Under these conditions it 

should be possible in the extreme case to reduce power consumption by as much as 

30%. In reality in all cases To and Tk„i<T„n,ax and also To,„i < 

To„j and Thim > 

It is obvious that the coefficient of performance of Carnot refrigeration cycle will 
grow with increasing mean evaporating temperatures and decreasing condensing 
tenperatures. 

From the foregoing, the extent to which the thermostat or pressostat differential 
will influence the length of the on-off cycle and the values of mean temperatures 
in the compressor running period and appears. The magnitude of the 
mean condensing temperature can moreover be influenced by the magnitude of the 
condenser and evaporator time constants. As shown in Fig. 3, large condensed time 



P/g. 3. Effect of condenser time constant on condensing temperature curve’ in transient 
states. 

constant will reduce the mean temperature in the period of working cycle 
Small evaporator time constant will,, at equal thermostat differential, shorten time 
Tg - thus indirectly reducing mean condensing temperature Decisive for 

the size of the time constants are heat capacities of these exchangers and the vapor 
volumes of the low-pressure and high-pressure sides of the refrigeration circuit. 

Heat capacity of water condenser is substantially higher than that of an air 
cooled one. Heat capacity can be increased by increasing the weight of material or 
the charge of refrigerant or water. The circuit volume can be enlarged by additional 
tanks. ' 

Both these alternatives of increasing the time constant will naturally increase 
the investment costs, the dimensions and the weight of the equipment. It is obvious 
that the most effective means of reducing difference T^^^^ - T^j^i and - Tj^m 
is by decreasing the differential of the thermostat or pressostat. This is easily ac- 
complished with the evaporator thermostat and the pressostat, their differentials 
being extensive. , 

The conditions of maximum economy of the whole refrigerating system are 
different from those of the refrigeration cycle, for the following reason: the economy 
of a refrigerating cycle as shown above, increases with the decrease of the diffe- 
rential, but on the other hand, there is an increase in the number of startings and 
stoppings of the compressor resulting in power losses in the compressor proper, its 
transmission and electric drive. 

Starting and stopping will create unfavourable phenomena such as losses by 
piston leakage, which are very important at low speeds, and losses by friction. On 
the other hand, wiredrawing is smaller. Another unfavourable phenomena is high 
inertia of the compressor mechanism, extending the period during which these losses 
occur. 

Exceptionally high are those losses that arise during transient states in a circuit 
provided with capillary- tube as expansion element. After stopping the compressor 
there are heat losses due to noncondensed vapours entering the evaporator from the 
condenser. 

Losses of this nature occur also after compressor starting until the moment when 
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the pressure in the condenser has risen to such a level that a sufficient quantity of 
refrigerant is condensed. Up to this point there exist also losses of energy connected 
with rise of pressure above that value. 

At the same time heat losses are brought about by leakage of liquid refrigerant 
from the evaporator to the suction piping, similarly as in circuits with expansion 
valves. 

Efficiency of the electric motor during starting is low as well, due to increased 
losses in the winding as well as hysteresis losses in the rotor. 

It would be possible to reduce these losses at the cost of decreasing the starting 
torque. In most cases this will be possible at relived compressor starting only. Here 
as well the high inertia of the motor rotor has unfavourable effects in extending the 
uneconomical operation during transient state. The reduced starting torque will 
naturally extend starting time. 

We can see, therefore, that for determining optimal conditions during starting, 
several contradictory requirements have to be taken into account. 

What has been said in the foregoing can be recapitulated as follows: The con- 
troller differential with temperature on-off control exerts a considerable effect on 
the economy of operation. The economy of a refrigeration cycle rises with decrease 
of differential. 

There is, however, a number of factors to be found under transient states, which 
move the economical optimum towards higher differentials, thus deteriorating the 
economy of the whole refrigerating system. 

For safeguarding highest economy of operation it is, therefore, necessary to give 
due attention to not only adjusting the controller differential for optimum economy, 
but also designing the refrigeration circuits and compressor drives so as to achieve 
their highest efficiency even under transient states. 
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the pressure in the condenser has risen to such a level that a sufficient quantity of 
refrigerant is condensed. Up to this point there exist also losses of energy connected 
with rise of pressure above that value. 

At the same time heat losses are brought about by leakage of liquid refrigerant 
from the evaporator to the suction piping, similarly as in circuits with expansion 
valves. 

Efficiency of the electric motor during starting is low as well, due to increased 
losses in the winding as well as hysteresis losses in the rotor. 

It would be possible to reduce these losses at the cost of decreasing the starting 
torque. In most cases this will be possible at relived compressor starting only. Here 
as well the high inertia of the motor rotor has unfavourable effects in extending the 
, uneconomical operation during transient state. The reduced starting torque will 

naturally extend starting time. 

We can see, therefore, that for determining optimal conditions during starting, 
several contradictory requirements have to be taken into account. 

What has been said in the foregoing can be recapitulated as follows: The con- 
troller differential with temperature on-off control exerts a considerable effect on 
the economy of operation. The economy of a refrigeration cycle rises with decrease 
of differential. 

There is, however, a number of factors to be found under transient states, which 
move the economical optimum towards higher differentials, thus deteriorating the ^ 
economy of the whole refrigerating system. 

For safeguarding highjest economy of operation it is, therefore, necessary to give 
due attention to not only adjusting the controller differential for optimum economy, 
but also designing the refrigeration circuits and compressor drives so as to achieve 
their highest efficiency even under transient states. 


Behrndt bogtryk, Denmark Copyright reserved 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 

3-29 

Thermodynamic Investigations of the Working Cycle of the Philips 
Machine 

Recherches sur les transformations thermodynamiques dans le cycle de 
fonctionnement des machines frigorifiques a gaz Philips 

I. 1. KARAVANSKY and L. Z. MELTSER 

The Odessa Technological Institute of .the Food and Refrigerating Industry, 

Odessa, U.S.S.R. 


SOMMAIRE. Le rapport etudte les conditions de fonctionnement de la machine 
frigorifique d gaz Philips d mouvement alternatif des pistons. On suppose que 
toutes les transformations de la machine sont reversihles grace d deux sources de 
chaleur d temperature constante. A ^inverse de Codegone, les AA. basent leurs 
calculs sur un espace mort considerable (dans les conduits du regenerateur, du 
refroidisseur d*eau et du congelateur) en proportion du volume du cylindre de la 
machine. Une nouvelle methode, fondee sur V application de ^equation energe- 
tique generale pour une quantite de gaz variable est utilisee pour I’ etude du cycle. 

Le but de la recherche thermodynamique est de determiner les quantites de chaleur 
reellement hhanghs par seconde aux echangeurs de chaleur de la bnachine. 
Le probleme est resolu a Vaide de Inequation caracteristique et de ^equation 
energetique de la quantite de gaz variable. 

Vetude~ fait apparattre un ecart considerable des quantites de chaleur par 
seconde echangees a chaque appareil par rapport aux quantites calculees sur la 
base de Vequilibre thermique du cycle. 

La deduction de Codegone suivant laquelle la chaleur provenant du regenerateur 
est egale a CpAT ne s' est revelee exacte que lorsque les quantites de gaz a Nntree 
et d la sortie du generate ur sont e gales a tout moment. . 

On donne une analyse de ^influence des principaux parametres du cycle sur 
son rendement en se b as ant sur les relations derives a s avoir: 

1. la relation de la puissance frigorifique par unite de volume avec Wangle direc- 
teur a. 11 est possible de dHer miner la valeur optimum de a pour les conditions 
donnees. 

2. Vinfluence du paramkre de construction egal au rapport de la valeur maximum 
des volumes utiles de la machine sur la puissance frigorifique par unite de 
volume et le rapport des pressions limites du cycle, 

Uutilisation de la methode proposee permet une meilleure description des carac- 
teres reels des processus non stationnaires qui se produisent dans la machine et 
orientent la methode du choix des principaux parametres de la machine. 


The analysis and calculation of the cycle of the Philips machine even simplified 
and schematic have not as yet been completely elaborated. Kohler and Jonkers [1] 
give no solution of the problem of a theoretical determination of the per-second 
heat exchange in the working spaces of the machine and the regenerator. Investi- 
gations carried out by Codegone [2} dealt with the cycle of a machine having a 
null clearance volume. 

The investigation to be discussed in this paper has been based on the thermo- 
dynamics of a variable amount of gas. The fundamentals of this thermodynamics 
have been set forth by M. A. Mamontov [3]. The application of the method 
allows solving the problem in a general case and giving a more complete illustra- 
tion of the processes occurring in the machine. 

Fig. 1 illustrates our diagram with the clearance and the volumes of the heat . 
exchangers allowed for. The sinusoidal motion of the pistons, close to actual 
conditions, was accepted for approximate calculation in all the investigations. 

AU the mechanical and thermal processes of the cycle of the machine are 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


3-29 

supposed to be reversible. Due to the fact that only two external heat sources 
participate in the process with the temperatures Tq and T^, it follows that the 
theoretical coefficients of performance is to 'be equal to the Carnot coefficient, i. e. 

Tc~Te' 



Fig, 1. Diagram of the Philips machine and piston motion, t-water heat exchanger; 2'rege- 
nerator; 3 -refrigerator. 

The following nomenclature is used in the analysis: 

Vq- operating volume of the warm space; 

Vg - operating volume of the cold space; 

W — ratio of the maximum operating volume of the warm space Vrttmx 
to that of the cold space 

9 -the lead angle of the maximum volume relation to the 

volume VEmax; 

volume of the warm space clearance and of the water 
heat exchanger; 

total volume of the cold space clearance volume and of the 
refrigerator; 

V^-the volume of the refrigerant in the regenerator; 

Go» weight of the refrigerant in the warm and cold spaces and in 

the regenerator respectively; 

Tj^ - the mean temperature of the refrigerant in the regenerator; 

TQ-the mean temperature of the refrigerant in the warm space; 

Tg -the mean temperature of the refrigerant in the cold space. 

The following is derived on working out the equation of state for each space and 
regenerator separately and having summed them up by terms: 
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= GRTe 


(1) 


where Kjgrf =Ve+Vc = + - is the volume of the machine reduced to the 

Tc 

temperature Tg, 

T 

~ B + ^mc — ~ — clearance volume of tlie macliine reduced n' 

Tr Tc 

to tlie temperature Tg, 

G = Gc 4- Gh + Gi? - tlie total weight of tlic refrigerant. 

In case of the refrigerant being distributed along the length of the refrigerator 
in compliance with a linear law the mean temperature of the refrigerant Tr is 
determined according to the following formula: 




Tc-Te 

Te 


( 2 ) 


The equation (1) allows defining the pressure of the refrigerant by the set 
motion of the pistons. 

The initial figures in -the performed calculations have been chosen close to those 
obtained in the Philips machine and namely: 

Tc-30(PiC, Te= 75^K Vcmax-^yEmax-^Ocm\ 

Vfttc = 70 cm®, V„^E — 35 cm®, Vr — 105 cm®, 

the speed of the crankshaft n = 1500 rpm. 

These data were used in all subsequent approximate calculations. The values of 
cp and W were assumed to be W = 1; (p = 90°. 

Let us consider now the heat balance of the machine. We shall use equation 
of the first law of thermodynamics for a variable amount of gas (3). 

dQ + TidG ~ dU + Ada + dOf^ (3) 

where dQ- is the heat exchange of the gas with the walls; 

71 - the energy of 1 kg of entering gas; 

— the energy of 1 kg of leaving gas; 
dG-the weight rate of entering gas; 
dG^-the weight rate of leaving gas; 
dU-the change of the total intrinsic energy of the gas; 

Ada - the external work of expansion. 

The energy of 1 kg of the escaping gas is equal to the enthalpy of the 
escaping gas, while the energy of 1 kg of entering gas 7t is equal to the enthalpy 
of the entering gas only in the case of the heat transfer in the gas supply duct 
amounting to nought. 

Let us make up an equation of the first law for the refrigerant of the warm 
space during the period of one cycle: 

Qc + (piedG —<pdU-\- (pPdVc + (pk dG^, 

where: Qq - is the amount of heat removed from the refrigerant in the warm 
space during one cycle. 

It is evident that at the stable working conditions of the machine the amount 
of refrigerant entering the warm space and that leaving it in the course of one 
cycle are equal 
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(pdG = <pdGic 

and the intrinsic energy of the refrigerant in the warm space is not changed after 
a single cycle: 

q>dU - O. 

The equation will thus acquire a more simple shape: 

Qc = AfpPdVc. (4) 

Having made up the equation of the first law for the refrigerant in the cold 
space in the course of one cycle, we receive: 


Qe = Aq>PdVE. 


(5) 


where: is the amount of heat supplied to the refrigerant in the cold space 

during one cycle. 

The coefficient of performance of the cycle being investigated (no matter what 
the character of the piston motion) is to be equal to the coefficient of the reverse 
Carnot cycle. 

T 

let us analyse the expression Qe — Q^. 

Tc 

The following will be received by using formulae (4) and (5): 

Qe + ^ Qc = ^<PP I ‘IVe+^ dVJ. 

Tc 

T 

And if we consider that H zed y ^^d P may be determined from (1), 

T’c 

dien finally: 


Qe + Qc = 


i.e. 


■ AGRTev -^ =o 

^zed 

Qe i^E 


( 6 ) 


Qc-Qe T,^Te' 


In the case, when the pistons have a sinusoidal motion (see Fig. 1). the equation 
(5) acquires, after integration, the following shape: 


Qe = AGRTe 


27itW sin (p 


1-^ — i/. 

' \ ni A ' 


where; t = 


Te 

Tc 


, a = 1 + rW + 


2V^ 

VmE 


|A-' 

, = 1 + 2tW cos <p + 


(7) 


For the determination of Qq it is best to use the relation (6). 

Due to the fact that the heat flows in the spaces are non-station ary, the values 
Qe and Qq do not provide a complete characteristics of the heat exchange taking 
place in the apparatus of the machine. An analysis of the heat exchange intensity 
in each space separately may help to fill up this blank. 

With the equation of the first law for the cold space made up, the following 
expression may be derived after a number of transformations: 
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^Qh JI5 ^tnE ^ ^^zed 

' V;,ed * 

And analogous for the warm space: 

Vzcd ‘ 


(») 


( 9 ) 


(t-the time in seconds). 

Fig. 2 illustrates the graphs of dependence of the space heat exchange intensity 
for two cycles with various values of W. It follows from the graphs that there 
is a change in the direction of the heat flows in j:he spaces in the course of one 
cycle. It is worth noting that with W = 1 the refrigerating capacity of the cycle 
is only 26% of 'the total amount of heat supplied to the refrigerant in the 
cold space (area abc in Fig. 2). The greater part of this heat is removed from 
the refrigerant during the second 'period of the cycle. For greater clearness the 
values of and Qq at W = 1 are represented in Fig. 2 by shaded rectangles. 




F/g. 2. Intensity of heat exchange during one cycle. 


dG dG •’ 

The per second rates of flow and may be determined by differen- 
tiating the equations of state for the respective space. 

For the warm space: 


dGc 

dt 


Te 


Tc Vl, L 


''zed 


dK 

dt 




( 10 ) 
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For the cold space: 


The equation of the first law is to be worked out for the refrigerant in the 
regenerator in order to determine the per-second heat load of this apparatus. 
With a number of transformations made the following expression is obtained: 


- + j iE-U,j ■ 


Some comparative calculations have been done to determine the influence of 
separate parameters of the machine upon its operating characteristics. 

The influence of the lead angle (p was investigated first. 



do 60 90 m ISO ^60 

P/g. 3. Refrigerating capacity depending upon lead angle S. 


Fig. 3 illustrates the graph of dependence of the refrigerating capacity of 1 kg 
of refrigerant upon the angle (p. Besides, the value of the refrigerating capacity 
Jt^elated to the total of. the maximum operating volumes of both warm and 
cold spaces at equal values of the clearance and of the maximum pressure of the 
cycle were defined. 

qBV = 

^Cmax'^^Emax 

p 

The graph of the dependence of the pressure ratio upon the lead angle cp 

I • • t r- r II /• ^min 

IS also given in the figure. It follows from the graph that with an increase of cp 
the pressure ratio drops, and consequently, the compression and expansion 

^min 

losses are lessened likewise. In order to obtain the maximum value of qj^y with 
minimum compression and expansion losses, the values of cp ranging from 90° 
to 110° are to be recommended. 

P 

For the determination of the influence of W the values of qg; qgy and — 
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were found at various values of W. A change of W was regarded as a redistri- 
bution of the same total of operating volumes + ^Emax between the 

warm and cold spaces, the other parameters of the machine remaining constant. 

Graphs were drawn of the intensity of heat exchange between the spaces for 
various values of W. An examination of these graphs indicates that with an 
increase of W the exchange in the warm space is subject to insignificant changes, 
and that of the cold space is reduced significantly due to a decrease of regene- 
ration. The latter must have a favourable effect upon the losses of the machine. 
Graphs for W = 1 .and W = 4 are given in Fig.2. 
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On the Energy Efficiency of Thermoelectrical Refrigeration 

Caracteristiques de I’energie du refroidissement electro-therxnique 
V. S. MARTYNOVSKY and V. A. NAER 

The Odessa Technological Institute of the Food and Refrigerating Industry, 
Odessa, U.S.S.R. ' 


SOMMAIRE, La relation entre le coefficient de rendement des machines frigori- 
fiques d compression et a absorption j leur puissance et la temperature des sources de 
chaleur est etudie d'apres les donnees des experiences et des calculs. On propose une 
methode precise pour le calcul des systemes electro-thermique permettant d' e valuer 
le coefficient de rendement du systeme, Cette methode tient compte de la relation 
entre la temperature des fonctions des thermoelements et du courrant qui les tra- 
versee (c' est-d-dire la relation entre les temperatures des fonctions et V importance 
des fleux de chaleur), 

Des essais effectuh avec une installation Hectro-thermique d' evaporation d semi- 
conducteur confirme les formules etahlies et permet des comparaisons avec les^ 
systemes exitants d compression^ d absorption et d ejection. Les experiences ont ete 
effectuees sur une installation de pompe d chaleur d^'evap oration d semLconducteur 
il etait possible de reduire la consommation de courant electrique de 4 d 3 fois 
pour AT — 10° C et avec une temperature d* evaporation de 100° C par rapport au 
chauffage electrique direct. 

Le rapport presente aussi les domaines rationnels d’ application de Peffet electric- 
therrnique pour les installations frigorifiques et les installations de pompes d chaleur. 

Dans le cas de materiaux se 7 ni‘Conducteurs un tel domaine d' application rationnel 
(du point de vue de la consommation de courant) pour les generateurs frigorifiques 
s'etendrait entre quelques dizaines de kcalfh seulement pour une difference de tem^ 
perature ne depassant pas 30 d 40° C. 

Les installations Hectric-thertniques de pompes d chaleur sont commodes aussi 
pour les puissances elevees. En utilisant le chauffage electro-thermique au lieu du 
chauffage electrique direct on pent realiser une economie de courant electrique im- 
portante. Cependant I'application de I'effet electro-thermique n’est guere justifie 
avec une differense de temperature depassant 40 d 30° C. 

GENERAL PRINCIPLES, COMPARISON WITH THE USUAL 
REFRIGERATING METHODS 

Introduction of thermoelectrical refrigeration into practice requires preliminary 
study of its advantages and disadvantages as compared with ordinary refrigeration. 
Thermoelectrical installations are absolutely noiseless. They are devoid of moving 
parts, have no need for special refrigerating agents, are easy to control and may, 
with extraordinary ease, be transformed from refrigerating installations into heat 
pumps. The ease of conversion to a heat pump opens up a promising field for the 
use of thermoelectrical refrigeration in various types of installations requiring 
maintenance of temperature on a given level (above or below the ambient). 
However, although the power efficiency of thermoelectrical cooling has greatly 
increased with the transition from metals to semi-conductors, it is still far behind 
mechanical and absorption units (the latter in the case of heat but not electrical 
energy consumption). 

At this time energy consumption is the predominant factor in the choice of a 
refrigeration system. For very small capacities of the order of a few score kcal/hr 
the energy consumption no longer plays a major part and other factors as, for 
instance, initial cost, portability, reliable operation, convenience in control, etc. 
characteristic of semi-conductor arrangements come to the fore. 
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Ffg. 1. Effidenq^ of various refrigerating 
systems for domestic cabinets. 1 - mechani- 
cal, 2 — absorption, 3 — thermoelectrical. 


Pig. 2. The effect of heat exchange on the 
energy characteristics of semi-conductor ther- 
mal batteries. 


made comparative calculations based on test data for a large number of 
domestic refrigerators with mechanical and absorption systems. Fig. 1 shows 
the relation between the real coefficient of prformance and the refrigerating 
capacity (of refrigerator without load), the real coefficient of performance 
for the semi-conductor refrigerator being obtained by calculation, using the semi- 
conductor materials we obtained from the Institute of Semiconductors of the 
Academy of Sciences of the-U.S.S.R. 

The value of Z for a semi-conductor thermocouple is related to the thermo- 
electric forces (e), specific thermal conductivities (A) and specific resistances (p) 
of the arms as follows: 


Z = . 

The analysis led to the following conclusions. The present semi-conductor 
refrigerator will consume several times as much energy as the mechanical type. 
With regard to its energy characteristics it is approximately on a level with an 
absorption refrigerator with electrical heating. The latter is about three times 
lower in efficiency than absorption systems utilizing heat energy. 

Obviously for large capacity refrigerators (and still more for indust^rial plants), 
semi-conductor units are as yet unable to compete with mechanical and absorption 
types. The energy characteristics of semi-conductor systems may be improved on 
employing them as heat pumps, particularly for evaporating plants. This is due 
to two factors: the relatively small temperature difference and the higher tem- 
perature of the low temperature heat source in heat pumps than in refrigerating 
plants. Owing to these two factors, thermoelectric losses diminish and the energy 
^efficiency rises. 

Naturally, the search for new semi-conductor materials with high Z values 
assumes paramount significance. 

It should be noted that the existing method of calculating semi-conductor 
thermal batteries for refrigerating plants and heat pumps requires further develop- 
ment taking into account the influence of the heat exchange of the thermocouple 
junctions with the surrounding medium. To determine the heat and energy cha- 
racteristics of a semi-conductor evaporating plant and to check the rating for- 
mulae, a test was made of a small model of up to 150 kcal^hr capacity. 


CORRECTED METHOD FOR CALCULATING SEMI-CONDUCTOR 
BATTERIES 

- The classical theory of thermoelectrical cooling and heating gives formulae for 
calculation based upon the temperatures of the junctions T and T^. However, 
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these temperatures do not remain constant on change of the heat flow in the 
thermocouple. In designing refrigerating and heat pump plants the temperatures 
of the media supplying and receiving heat (T^^’ and T’) and the heat transfer 
coefficients and «) are usually known. Therefore, of practical interest are 
rating formulae depending upon these quantities. 

The densities of the heat flows at the cold and hot thermocouple junctions are 
determined by the following formulae 


1 A 

2qo = eTo i~ 2 i el- I (T — To) (2) 

2 q = eTi + ( T - To) (3) 


The temperatures of the thermocouple junctions may be determined from the 
general equation for heat transmission; 

(^) 

q=a{T-T^) (5) 

Solving the systems of equations (2, 3, 4, 5) and taking into account that the 
coefficient of performance equals 



(6) 


(7) 


In these formulae / is the length of the thermocouple and i the density of the 
current passing through it. 

The quantity e is determined from expression (6), T' and T'^ being substituted 
for T and T^ in the formulae for and q. 

It should be noted that for > oo and a — > csd the formula for e coincides 
with the corresponding formula in the theory of thermoelectrical cooling and 
heating. In that case e — » e’. 

Calculations show that in order to obtain e values sufficiently approaching z 
the heat transfer coefficients should be high. For instance, for a semi-conductor 
thermocouple 1 cm in length operating under the temperature conditions of a 
domestic refrigerator, the value of a and should be measured in thousands of 
kcal/m^hr^C. Such values of heat transfer coefficients under conditions of natural 
convection are made possible only by extensive finning of the thermocouple junc- 
tions. In experimental semi-conductor refrigerators the finning coefficient attained 
the enormous values of 400 to 600! 

In Fig. 2 the relation is shown between the performance coefficient of the 
thermobattery and the heat exchange conditions for the case when a = aQ, 
I = 1 cm, To' = 273^ K 


= 303 Z = 1,85 • 10-3 

Characteristic is the fact that the optimum current density is independent of 
a and a^. 
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The heat flow densities diminish with increase in thermocouple length, im- 
proving the conditions for heat exchange. For constant heat transfer coefficients 



Fig. 3- Schematic diagram of heat pump 
evaporating plants. A - mechanical, B - 
ejector, C - semi-conductor. 1 - liquid in- 
let, 2 ~ condensate outlet, 3 - excess liquid 
outlet, 4 - vapour outlet, 5 - compressed 
vapour, 6 - evaporator, 7 - compressor, 8 - 
ejector, 9 - vapour outlet tube, 10 — thermo- 
batteiy, 11 - condenser, 12 - starting elec- 
trical heater. 


Fig. 4. Electrical measurement circuit of ex- 
perimental plant. 1 - boiler, 2 - thermostat, 
3, 5 - thermometers, 4 - electrical filter, 6 - 
thermobattery, 7 - rectifier, 8 — thermostat 
heater, 9 - transformer, 10 - temperature 
relay, 11 — Dewar flask, 12 -potentiometer, 
13 - exterior galvanometer, l4 — switch. 


the increase in length of a thermocouple, operating in a refrigerating unit, increa- 
ses the value of the coefficient of performance. 

It should be borne in mind in the calculations that under conditions of natural 
convection the effect of the heat flows upon the values of a and cc^ may be 
neglected while on boiling and condensation these .relations may be easily deter- 
mined with the aid of the usual heat transfer formulae. 

For small current densities and intensive heat exchange the , quantities -~- 

ei 2q: 

and- — are negligible. Formula (7) in that case is considerably simplified. Then 

the optimum current density corresponding to e^ax determined by the formula: 


*opt 


e{T^-To^) 




( 8 ) 


1 pt 


In the particular case of calculations for an evaporator plant, when T’ = T'^ 
extreme values for e are absent altogether. The basic principles of this method of 
calculation were checked experimentally in a study of the thermoelectrical eva- 
porator plant. 


EXPERIMENTAL THERMOELECTRICAL EVAPORATOR PLANT 

In heat pump evaporator plants the secondary vapour is compressed in the 
compressor or ejector (Fig. 3). The condensation temperature of the secondary 
vapour then increases and the heat of condensation may be used as heat source 
for vaporizing the liquid in the evaporator. 

Mechanical evaporator plants have high conversion coefficients ((p), but they 
are complicated as regards both equipment and operation. Ejector plants possessing 
somewhat inferior energy characteristics require vapour of comparatively high 
parameters. 
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The substitution of a compressor or ejector by a semi-conductor battery makes 
it possible to construct a plant outstanding in the simplicity of its design, noise- 
free operation, compactness and flexibility of control. Moreover, the semi-con- 
ductor thermocompressor allows change in temperature of the secondary vapour 
without change in pressure. In this case as heat source, use is made of the heat 
of condensation of the evaporating liquid, permitting considerable elevation in 
the temperature of the cold junctions of the thermocouples and maintenance of 
this temperature on a level close to that of the condensing vapour at the corre- 
sponding pressure. 

The schematic diagram of the experimental thermoelectrical evaporator plant 
is given in Fig. 3 and the electrical measurement circuits in Fig. 4. 

The evaporating liquid, heated to the boiling temperature in the regenerator 
enters the evaporator where it boils, taking up the heat from the hot junctions of 
the thermobattery. The vapour formed passes through a vapour outlet to the 
condenser where it condenses on the cold junctions. In the exchanger heat ex- 
change takes place between the outflowing condensate and the entering liquid. 

The effect of scale formation was studied by coating the hot junctions of the 
thermobattery with layers of different thickness of a cement and determining the 

S 

thermal resistance — 

In Fig. 5 are produced the energy characteristics representing the dependence 
of the conversion coefficient cp on the current density i (heat load) and the thermal 
8 

resistance ^ * 

A 

The curves show that the conversion coefficient of a thermoelectrical evapor- 
ating plant increases continuously with fall in load exhibiting no extremes. The rise 
in (p is due to decrease in temperature difference between the junctions of the 
thermobattery on fall in current density. 

Scale formation markedly impairs the energy characteristics of the plant. For 

g 

example, at / = 16 a/cm^ the formation of scale with a thermal resistance 



s f2 f6 SO 3-^ sa i •vw» 


Fig, Energy characteristics of thermoelectrical evaporating plant.* 

8 

= 0.75 ' 10-^ m‘^hr°C./kcal leads to a fall in cp from 4.5 at — = 0 to 3.5 i. e. 

A 

by 22%. The relative influence of the scale increases with decrease in load. At 
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g 

/ = 7 a/cm2 an increase in ~ from 0 to 0.75 • lO-^m^hrX./kcal lowers (p by 
30%. 

The energy characteristics of a thermoelectrical evaporating plant are given 
by the approximate equation derived from formula (7) on neglecting the terms 
ei ei 


Here 



9^ -t- 


2/ao 


. , /I ■ 1 

1 + ^ (— -i 

ll \a 




qU 2 


( 9 ) 


( 10 ) 


Both calculation and experiment show the absence in evaporating plants of 
extremes for (p with respect to the current density /. 

The circumstance bars the choice of optimum current density and hence of 
optimum heat capacity of the plant on the basis of only the energy characteristics. 

To solve this question one must also possess data concerning the dependence of 
heat capacity on the current. Moreover, the technological and economic aspects 
of the plant have to be taken into account. 

g 

Computation showed that, e. g., for - = 0.75 • lO-^m^hr'C./kcal the opti- 
mum value of (p is (p„^^ = 5, /„pt being 10 a/cm2 and AT„pt = 10° C. 



Pig. 6. Coefficient of transformation of various types of evaporating plants. 1 - mechanical, 
2 - ejector, 3 - thermoelectrical, 4 - with electrical heater. 


Fig. 6 shows the comparative energy characteristics of various types of evapor- 
ating apparatuses. An examination of the curves shows that in this aspect the 
semiconductor evaporating plant is still below compressor or ejector installations. 
For all values of ^T the conversion coefficient (p of mechanical units is ca. 
40% higher than for semiconductor installations: For ejector units the value of cp 
exceeds the semiconductor type only by 11% for AT = 5° C. and by 20% for 
at = 15° C 

As compared with direct electrical heating the semiconductor evaporating unit 
gives considerable power economy. For example, at AT = 10° C. the energy 
consumption decreases five-fold and at AT = 7° C. seven-fold. 
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The Volumetric Efficiencies of Medium Capacity Refrigerating Com- 


pressors 


Le rendetnent volumetrique de compresseuts frigorifiques de diveises puis- 


V. F. CHAIKOVSKY, A. A. SHMIGLYA, K. I. SAVKOV, 

The Odessa Technological Institute of the Food and Refrigerating Industry, 
Odessa, U.S.S.R. 


SOMMAIRE. Le rendement volumetrique d’un compresseur frigorifique depend 
de sa conception, du fluide frigorigene utilise, du cycle de fonctionnement et. de la. 
puissance de la machine. Des recherches poussees effectuees sur divers compresseuts 
ont permis de determiner certaines constantes dans la variation de la valeur du 
rendement 'volumetrique et ses element's. 

Des experiences realisees par V .V . Lavrova (Institut de Recherches Scienttjtques de 
P Industrie Frigorifique d’U .R.S.S.) ont prduve que le volume de I espace nuisihle, 
qui est represente par le facteur est de la plus haute importance dans les com- 
presseurs a ammoniac a grande vitesse modernes, avec une vitesse de deplacement 
de la soupape ne depassant pas 40 mi sec. 

Des recherches experimentqles sur des compresseurs a Freon de puissance moy- 
enne (ale sage 100 mm et course 80 mm) ont montre qu'a 970 t mn les pertes volu- 
metriques. incluses dans le facteur h et provoquees par etranglement, chauffage et 
fuites, prennent la plus grande importance, Les echanges de chaleur ne doivent 
pas etre negliges, meme a de grande vitesses, ou I'a periode diminue, le fluide frigo- 
rigene est en contact avec les parois du cylindre, ce qui^ n' est pas le cas pour les 
petits cylindre s ou le poids du fluide frigorigene par unite de surface de la paroi est 
tres faible. Dans les compresseurs d ammoniac refroidis par air de^ 100X100 mrri 
et de 960 tjmn, la temperature au debut de la compression est voisine de la tempe- 
rature de condensation et pour des valeur s elevees de P^, est encore plus eleve. 

Avec un accroissement de la vitesse de rotation du compresseur, les pertes^ vo u- 
metriques dues d V etranglement de la vapeur dans les soupapes sont elevees, en 
particulier dans les compresseurs d Freon. En raison du perfectionnement de la 
conception des soupapes de compresseurs frigorifiques et de la reduction du role 
de P espace nuisible, P influence de Xi devient de plus importante. 

Par exemple, dans un compresseur d Freon de 100X80 mm, P espace nutswle avec 
les nouvelles soupapes utilisees est de C ^ 1,94%. Avec la temperature d^evapo- 
ration to — —13° C., la temperature de condensation .tc — 30° C. et la temperature 
des vapeurs surchauffees t^ = 20° C., on atteint les valeurs suivantes X = 0.790, 

Xc = 0.930 et Xi = 0.849. . , ^ ... 

D'aprh les resultats des recherches, P augmentation du rendement volumetrique 
X - Xc' Xl dans les compresseurs d Freon de puissance moyenne doit etre obtenue 
surtout par une augmentation de Xi. 

The volumetric losses of reciprocating compressors are evaluated by the volu- 
metric efficiency X which may be expressed as 

A ” ‘ 

where Ac -* is the clearance volumetric efficiency; 

X\ — the factor considering the losses in the compressor due to vapour thrott- 
ling in the valves, to heat exchange between the vapour and cylinder 
walls and to leaks. 
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Results of experiments on the volumetric efficiencies of two medium capacity 
reciprocating Freon-12 compressors are given below. 

The following compressors were tested: FV-12 (100X80 mm, 980 rpm.) - a 
vertical, monoblock, two-cylinder, uniflow machine; FU-8 (67.5 Xi50 mm, 
1300 rpm.) - a V-type, four-cylinder, non-uniflow machine with two removable 
blocks, the angle between the cylinder centre lines being 90°. 

A diagram of the experimental installation is given in Fig. 1. 



Fig 1. Schematic diagram of the test installation. 1. Compressor; 2. Condenser; 3. Heat- 
exchanger; 4. Liquid strainer; 5. Peep hole; 6.' Expansion valve; 7. Electric calorimeter. 


The refrigerating capacity was determined by means of an electric calorimeter 
with a secondary medium. The tests were carried out in accordance with existing 
rules. Measurements were made with very precise instruments. 

The FV— 12 compressor was tested at a condensing temperature of t^ = +30° C., 
evap^ating temperature of t^, = —15° C., a superheat of the vapour on the low side 
Atg = 20° C. and at various values of the clearance volume (from 5.8 to 1.94%). 
Variations of the clearance volume were obtained by using compressor valves of 
various design. 

Besides, tests were carried out on a FV-12 compressor, having a 1.94% clearance 
volume at t^j = +35° C. and~various evaporating temperatures. 



b) The refrigerating capacity Qo and specific refrigerating effect Kg. 



volume 
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The FU— 8 compressor was tested at various evaporating temperatures and t^. = 
+ 50° C. The clearance volume of the compressor was equal to 466%. 

The clearance volumetric efficiency was obtained by calculation. The exponent 
of the polytropic reexpansion curve m was assumed approximately equal to unity. 




Fig. 3- Results of testing the FV~12 compressor 'at t^ = 35° C. and C = 1.94%. 

a) Values of volumetric coefficients. ^ 

b) The refrigerating capacity Qo and specific refrigerating effect Kg. 


As is known, at a low (up to 20° C.) superheat of the vapour sucked by the 
compressor the volumetric efficiency is considerably affected by the evaporation 
of the freon from the oil returned into the compressor, as well as by the cyclic 
solubility of freon in the oil deposited upon the internal surfaces of the cylinder, 
and also by the possible condensation of freon on the walls having a temperature 
below the dew point 

The superheat of the vapour on suction in the tests was not less than 20° C. 
The influence of the evaporation of freon from the oil on the volumetric efficiency 
could not be essential under these conditions. The other factors are combined in Xi 
due to the difficulties in their quantitative account. 



Fig. 4. The value W for the FV-12 compressor at to = -15° C., tc = + 30° C. and 
Atg = 20° C. 
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The results of testing the FV-12 compressor are given in Figs. 2 and 3. Fig. 2 
shows that with an increase of the clearance volume of the compressor, the clearance 
volumetric efficiency 2c as well as 2i are reduced. The capacity of the compressor 
depends largely upon the value of Xi 

Figs. 2 and 3 illustrate that tthe values of 2c are higher than those of 2i. The 
value of the volumetric losses 2i especially increases with the utilization of modern 
valves having small clearance volumes. To determine the influence of the clearance 
volume on the volumetric efficiency of the compressor, the change of the value W 
(Fig. 4) has been investigated. 


!P= i.^.lOO. 
2 dc 


The graph (Fig. 2) demonstrates that the specific (per one per cent of clearance 
volume) change of the volumetric efficiency depends upon the value of the 
clearance volume. ’ 

For example, an increase of the clearance volume from 2 to 3 % causes a decrease 
of the volumetric efficiency by approximately 0.04 of its value, while with the 
clearance volume increased from 5 to 6 % the value of A - is lessened by nearly 
0.11 of its value. 

Fig. 2 shows that the values of the specific refrigerating effect kcal/kw-hr 
reduce at an increase of the clearance volume. This is explained by the fact that at a 
decrease of the indicated work with a larger clearance volume, the relative value 
of the indicator losses of the compressor and of the friction losses is raised. An. 
increase in the absolute value of the indicator losses is caused in this case by the 
irreversibility of the processes of compression and expansion of the refrigerant in 
the clearance volume. 

During the tests the compressor was operated with group disc-plate valves with 
1.94 % clearance volu'me the linear clearance included. The area of these valves was 
equal to that of 4.5 % clearance valves. The suction valve had flanges entering the 
apertures in the seat of the discharge valve when in the upper end point. 

The linear clearance of the FV-12 compressor is 0.5 - 0.8 mm 

When assuming that the FV— 12 compressor has only a 0.8 ijim linear clearance, 
the minimum value of the clearance volume would amount to 1%. 

An attempt to reduce the clearance volume of the compressor from 2 to 1 % 
would cause an insignificant increase of the volumetric efficiency while the design- 
ing of valves with quite a small clearance volume entails great difficulties. 

It should also be taken into consideration that the presence of the clearance 
volume has a positive influence upon the dynamic characteristics of the compres- 
sor which is especially important for high-speed machines. 

All this makes it possible to conclude that no significant advantages can be achieved 
in medium capacity compressors by a decrease of the clearance volume below 2%. 

Fig. 2 illustrates that at a small clearance volume the curves of the volumetric 
coefficients of the compressor as a function of the relation Pc/Po fun more steeply 
than in the case of large clearance volumes. 

Valves with small clearance volumes are especially advantageous at large values 
of the pressure relation. 

Results of testing the FU-8 compressor are illustrated in Fig. 5. As it was in the 
case of testing the FV-12 compressor, the values of A© are lower than of A©- 

The present paper deals with the investigation of the clearance volumetric effi- 
ciencies of freon compressors. It is though interesting to compare the results obtained 
with those of testing ammonia compressors of medium capacity. 

Tests of the ammonia monoblock, two-cylinder, uniflow, air-cooled compressor 
(80 X 80 mm, 720 and 980 rpm.) have also shown that the value of 2i is lower 
than that of A©- 

For example,' at = 3.44 and n = 980 rpm., A = 0.718, A© = 0.867, and 

2i = 0.828. 

At tj, — -15*^ C, tg — + 25° C. and n — 980 rpm. the volumetric efficiency 
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\ = 0.672, and Aw = 0.847 - heating up coefficient, The low values of h for this 
compressor are explained first of all by the active heat exchange inside the cylinder. 



a) Values of the volumetric coefficients. 

b) The refrigerating capacity Qo and specific refrigerating effect Kg. 


The availability of intensive heat exchange is proved also by the values of the 
cylinder wail temperatures. 

Table 1 presents data on the wall temperatures measured at three points on the 
cylinder (n = 720 rpm.). 


TABLE 1'. WALL TEMPERATURES MEASURED AT 3 POINTiS ON THE CYLINDER 


(n = 7/u rpm.j 

Parameters 

Evaporating temperature ®C. 

-io:o -20.0 

Temperature in the compressor suction pipe, °C. 

2.0 

-7.8 

Temperature in the compressor discharge pipe, °C. 

86.9 

103.9 

Mean temperature of cylinder wall: 



in upper point of cylinder, °C. 

74.8 

96.3 

at point corresponding to half-stroke of piston, ^ 

’C. 58.3 

74.9 

in lower point of cylinder, ®C. 

42.3 

55.8 


The temperature of the cylinder walls greatly depends; upon the friction. At idle 
running of the compressor the temperature of the cylinder walls was by 30® C. 
higher than that of the surroundings. 

At the same time experimental data obtained by a number of authors show that 
in water-cooled medium capacity ammonia compressors the volue of Ai is higher 
than 

The following conclusions may be drawn from the experimental data: 

1. In medium capacity air-cooled Freon and ammonia compressors the Values of 
Ac are higher than those of Ai. 

2. The decrease of the volumetric efficiency of medium capacity Freon compres- 
sors at an increase of the clearance volume is non-uniform. The larger the absolute 
value of the clearance volume, the greater its relative influence upon the volumetric 
efficiency. 

3. In the case of medium capacity Freon machines a decrease of the clearance 
volume below 2 per cent is inexpedient. Such a decrease may be useful only in the 
case of low evaporating temperatures obtained at single stage compression. 

Behrndt bogtryk, Denmark Copyright reserved 
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Appareil pour la detection et la telesignalisation des fuites d’ammoniac 
dans les chambres frigorifiques 

Device for Detection and Telesignalling af Ammonia Leaks in Cold Rooms. 

V. BERCESCU, A. CIOBANU et C. MIHAILOPOL, 

Institut de Recherches Alimentaires, Bucarest, Roumanie 


SUMMARY. The greater use of direct expansion refrigeration requires more 
efficient measures to protect the products stored against damage from ammonia 
leaks, A device based on colour change in presence of traces of ammonia in a filter- 
paper strip soaked in an indicator was constructed for detecting ammonia leaks. 
The colour change acts on a photoelectric cell, then an electronic apparatus am- 
plifies the variation of the photoelectric current and transmits^ the impulse to a 
visual or sound signalling device in a machine room. In automatic plants, the de- 
tector may block the automatic valve supplying ammonia from refrigerating units. 

Les aliments entreposes dans les chambres frigorifiques peuvent etre deprecies 
en raison des fuites eventuelles d’ ammoniac provenant des elements refrigerants, ce 
qui necessite leur detection immediate. 

La. litterature technique indique des appareils electroniques sensibles aux trans- 
formations de la resistance electrique de Pair 'qui se produit en presence des com- 
poses hallogenes (freons, chlorure de methyle). 

L’appareil que nous presentons dans cette note, a comme principe le changement 
de couleur d’une surface imbibee par une solution indicatrice tres sensible' aux modi- 
fications du pH du milieu. 

Le changement de couleur agit sur une cellule photoelectrique, dont le courant 
est ensuite amplifie par un appareil electronique qui transmet I’impulsion a un 
dispositif de signalisation optique ou acoustique, place dans la salle des machines. 


6 « 





l\/ 



\ ■ 1 

2 


Fig. 1. Le principe du fonctionnement de Tappareil. 1. Bande de papier-filtre avec indi- 
cateur, impregnee de chlorure de calcium CaCk. 2. Surface etalon. 5-4. Cellules photo- 
electriques. 5. Source de lumiere. 6. Ecran reflecteur. 7. Ecran separateur qui empeche 
I’influence des surfaces comparees sur les cellules voisines. 8, Dispositif de reglage pour 
la mise de 1' appareil au point « 2 ero». 
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F/g^ 2. Schema electnque du principe de Tappareil. 


DESCRIPTION ET FONCTIONNEMENT DE L’APPAREIL 
La bande sensible 1 est en papier-filtre et est imbibe d’une solution indicatrice de 
bromophenol bleu ou de rouge de phenol. Ensuite, elle est impregnee de chlorure 
de calcium, qui, grace a sa propriete hygroscopique, absorbe Thumidite atmosphe- 
rique et favorise la dissolution des vapeurs d'ammoniac. 
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La lumiere fournie par la source 5 est reflechie par la bande sensible 1 vers la 
cellule photoelectrique 3, et par la surface etalon 2, vers la cellule photoelectrique 4. 

Dans Tabsence des traces d’ammoniac, les courants photoelectriques resultants 
sont egaux et de sens contraire, c’est-a-dire que leur somme est nulle. Pour mettre 
Tappareil au point «zero», on emploie le bouton de reglage 8 qui, agissant sur 
Tecran reflecteur 6 change Tillumination des surfaces comparees, de maniere que 
les courants resultants dans les deux cellules photoelectriques soient egaux et de 
sens contraire. 

Lorsqu’il existe dans I’atmosphto des vapeurs d'ammoniac, la bande 1 change 
de couleur et determine la modification du courant dans la cellule 3. Par suite, la 
resultante des coWants des deux cellules photoelectriques, aura cette fois-ci une 
valeur determinee, differente de zero, par rapport a la concentration de I’ammoniac 
situe dans I’atmosphere. 

En amplifiant le courant qui resulte, on peut actionner un relais qui transmet a 
distance (dans la salle des machines) les signalisations d’alarme optiques et acpusti- 
ques; dans les installations automatiques, le courant peut actionner directement les 
vannes automatiques qui fermeront Faeces de I’ammoniac a la chambre frigorifique. 

Pour prolonger la duree de Futilisation des cellules photoelectriques, Fappareil est 
pourvu d’un moteur synchrone generateur d’impulsions, qui determine le fonctionne- 
ment periodique et a des intervalles egaux du transformateur d’ alimentation de la 
source lumineuse 5 et des anodes. 

A la reception de chaque nouvelle impulsion, la transmission d’un signal optique 
dans la salle des machines indique le fonctionnement de Fappareil. Le signal cesse 
peu de temps apres s’il n’y a pas d’ammoniac dans Fatmosphere, mais il reste 
accouple dans le cas contraire. 

Le schema electrique du principe de Fappareil est montre k la Fig. 2. 

Les experiences ont demontre que Fappareil a une sensibilite de Fordre de 
0,0000066 vol. NH 3 %. 

En resume, on peut conclure que cet appareil presente les avantages suivants: 

- il empeche la depreciation des aliments entreposes dans les chambres frigorifi- 
ques; . 

- il reduit les pertes d’amimoniac dans les installations frigorifiques; 

- il assure un controle automatique permanent de Fatmosphere sous Faspect de 
la securite du travail dans les entrepots frigorifiques et aussi dans les autres indu- 
stries qui produisent ou utilisent de I’ammoniac. 


Behrndt bogtryk, Denmark 


Copyright reserved 



Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


Approved For Release 2009/05/01 : CIA-RDP80T00246A007500340002-0 


2-19 

The Reason for the Invalidity of the Lewis Ratio in the Case of Air 
Washers 

Raison de I’inapplicabilite du rapport de Lewis dans le cas des laveurs d’air 
A. A. GOGOLIN 

The Scientific Research Institute of the Refrigerating Industry of the U.S.S.R. 
Moscow, U.S.S.R. 


SOMMAIRE. Le rapport du coefficient d’echange de chaleur seche par convection 
au coefficient d^e change d'humidite, connu JEsous le nom de rapport de Lewis, est 
tres important du point de vue de la theorie de Vechange de chaleur entre I’eau et 
Pair sur laquelle repo sent les principes du conditionnement d’air. De nomhreuses 
recherches ont montre que dans les conditionneurs a ecoulement et d pulverisation 
le rapport de Lewis est tres superieur d la valeur theorique. On a exprime d plusieurs 
reprises Pidee que le rapport n’est generalement pas valable pour les laveurs d’air. 

Des experiences effectuees par PA. sur divers types de laveurs d’air (d ecoulement 
on d pulverisation) montrent que la valeur la plus elevee du rapport de Lewis est 
due a une valeur superieure d la valeur theorique de la teneur en humidite de Pair 
s’ecoulant d Pexterieur, Cette difference est causee par P humidification supplemen- 
taire des endroits arrosh seulement de fag on sporadique et de la surface de petite s 
gouttes qui se sont rechauffees d la temperature hulhe humide de Pair. 

La preuve en est donnee dans la dependance etablie entre le rapport de Lewis et 
la difference de temperature psychrometrique d la fin de la variation theorique de 
Petat de Pair dans les conditionneurs d contre-courant. 

L’ augmentation de la dispersion des gouttes entratne une Hevation du rapport de 
Lewis. Cela prouve que le role le plus important est joue id par P humidite supple- 
mentaire plutot que par la difference entre la temperature superficielle des goutte- 
lettes et la temperature moyenne de Peau qui est plus importante pour une vapori- 
sation de plus grosses gouttelettes. 

Le rapport de Lewis est specialement eleve pour de faibles coefficients de conden- 
sation d’ humidite ^ j pour lesquels le coefficient d’echange d’ humidite 

total diminue en raison de Pexistance de deux phenomenes inverses: la deshydrata- 
tion et P humidification de Pair. Pour les coefficients de condensation Sieves (^ — 
JA - 2) le rapport de Lewis prend la valeur theorique. 


The ratio of the coefficient of convective heat exchange a. kcal/m^hr'^C. to the 
moisture exchange coefficient b kg/m^hr, known as the Lewis ratio, is highly 
important for the theory of joint heat and moisture exchange which is the basis 
of the entire system of air conditioning calculations. 

Lewis [1] obtained in 1922 the following equation based upon theoretical 
premises: 


-^ = Cp' kcal/kg»C 

where: Cp — is the specific heat of moist air at constant pressure. 

Merkel [2] developed a theory of calculating joint heat and moisture exchange 
on the basis of the Lewis equation. and was the first to check experimentally this 

equation in a small stream cooling tower. However, the ratio of— ^obtained in 

these experiments amounted to 6.3 -f- 1 which considerably exceeded the ordinary 
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value of Cp = 0.24 -i- 0.25 kcal/kg°C. This divergence is explained by the fact 
that the wetted surface in the apparatus used by Merkel in his experiments con- 
sisted of metal Raschig rings. Due to the high thermal conductivity of the metal 
convective, heat exchange took place also on the unwetted part of the rings, /. e. 
on an area exceeding the area of moisture exchange. This caused higher sensible 
heat exchange as compared with moisture exchange, and enlarged values of the 
cc 

ratio. — j— 
t? 

However, this ratio considerably exceeded its theoretical value also in the 

subsequent experiments [3, 6] carried out with both spray and stream air coolers 
with a packing of a low thermal conductivity. 

Thus an opinion arose that the Lewis equation was not valid in air washers on 
account of the absence of analogy between the heat and mass-exchange due to the 
additional heat flow at the diffusion of water vapour, thermal diffusion etc. 

The influence of all these factors makes the Lewis equation approximate. Its 
validity must be checked by experiments carried out on real size apparatus with 
the hydraulic and climatic operating conditions of the experimental unit varied 
in a wide range. Such experiments were run some time ago by the author at the 
Scientific Research Institute of the Refrigerating Industry of the U.S.S.R. Tests 
[3] were carried out on various stream and spray type vertical air flow counter 
current air coolers packed with porcelain Rashig rings. A conventional spray type 
horizontal air flow air washer with several rows of spray nozzles was also inve- 
stigated [4], All the tested air coolers were quite large with an air flow area from 
1.7 to 2.4 m2. 

The counter flow air washers were tested on air cooling and dehumidityfying. 
In the conventional type spray air washer experiments were carried out under 
the operation conditions characteristic of cooling, dehumidification, humidification 
or heating of air. 



F/g 1. The change of the state of the air in a counter current air washer with Rashig ring 
packing, t^i, t ^2 and - water temperature initial, final and mean values, ®C; ti and 
t 2 - initial and final temperatures of air, °C; iiand i 2 initial and final enthalpy of air, 
kcal/kg; t ^2 - final wet-bulb temperature of air, 
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On analysing the results of the tests it was noticed that an increased value of 

the ratio -^ 5 vas observed in air cooling and dehumidifying tests in the case of the 

state of the escaping air considerably deviating towards a higher specific humidity. 

An illustration of such a deviation is given in Fig. 1, Fig. 1 also shows the stepped 
plotting of the theoretical process of the air state variation which may be made 
for a counter current air-cooler considering the Lewis equation true. . * . . 

With such a process the point corresponding to the state of the leaving air in 
counter current air coolers is approximately on the straight line connecting on 
the enthalpy - specific humidity diagram point A of the initial state of the air 
' with point F on the saturation line. In this case the temperature at point F is equal 
to the mean temperature of the water 

The deviation of the process from the line AF observed in the experiments was 
explained by two reasons. It was supposed (5} that this deviation resulted from 
the difference between the temperature at the surface of the droplets and the mean 
temperature of the water after leaving the air washer. There certainly is such a 
temperature difference but it cannot be the sole cause of all phenomena observed 
during the experiments, which is discussed below. 

According to another explanation given by the author, the reason for the 
deviation observed is in the fact that there ordinarily are two different moisture 
exchange processes in air washers: dehumidification of the air on the main surface 
of the water and its humidification on the part of surface heated by the air flow 
to the wet-bulb temperature. 

In stream air washers provided with Rashig rings humidification occurs on a 
part of the surface of the rings only sporadically wetted by water splashes. The 
thin water film wetting this surface is quickly heated up to the wet-bulb tem- 
perature and, while evaporating, it humidifies the air. The droplets precipitating 
on the surface of the moisture eliminator act in an analogous manner. 

In spray air washers the air is humidified on the surface of fine droplets heated 
to the wet-bulb temperature, and on the wetted surface of the eliminators. 

The humidifying surface is usually located at the end of the air passage (the 
upper surface of the wetted Rashig rings, minor droplets carried by the air flow 
to the end of the apparatus, eliminators). 

Therefore, the process of treating air in an air washer may be conventionally 
divided into two: air. cooling and dehumidification (line A-B, Fig. 1) and air 
humidification running approximately along the isoenfhalpic line (B-C). Certainly, 
this division is somewhat schematic and on a certain part of the surface both 
processes go on practically simultaneously. If such an assumption is true the degree 
of deviation of the state of the escaping air towards a higher specific humidity 

cc 

and the corresponding increase in the value of the ratio should depend upon 

the psychrometric temperature difference at the end of the first process (point B 
in Fig. 1) which determines the intensity of the subsequent humidification process. 

Such a dependence was obtained on the basis of the results of the experiments 
with counter current spray type air coolers (Fig. 2). At minor psychrometric 

temperature difference the ratio -^approaches the theoretical value (^ 0.245) 

while at greater temperature differences it increases up to 0.35-0.4. 

An analogous dependence was obtained also for air coolers with the Rashig 
rings. 

The curves in Fig. 2 show that the ratio-^ increases with a rise of the pres- 
sure, /. e. at a finer dispersion of the water. 

This is also a proof of the fact that the deviation of the state of the air towards 
an increase in the specific humidity is resulted by its humidification which is higher 
at a finer dispersion of the water. The influence of the difference between the 
surface temperature of the droplets and their mean temperature is, apparently. 
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insignificant. Otherwise, the finer the spray, the lower would be the value of 

, which is not the case. Besides, the ratio should in this case depend upon the cha 

of the water temperature, but attempts to detect such a dependence were a failure. 
It is interesting that the coefficient of moisture exchange, calculated on base of 
the mean logarithmic difference of enthalpy, does not depend upon the climatic 
conditions. What concerns the heat exchange coefficient is that it increases with 

the growth of the ratio— ^ as there is in this case an additional convective heat 

exchange occuring without any change of the enthalpy of the air (line B-C, Fig. 

1). The relation of —and the moisture condensation coefficient ^ (total-sensible 
o 

heat ratio) was also determined in the experiments. 

The ratio-^is at its largest value at small moisture condensation coefficients 

when the humidification process is more intensive owing to higher temperatures 
of the water. 

Vice versa, with moisture condensation coefficients amounting to ca. 2, when the 
process of the change in the state of air approaches the line <p = 1 at a very small 
angle, the ratio is close to its theoretical value of 0.24-0.25. A corresponding 
dependence for a conventional spray type horizontal air flow air washer is given 

in Fig. 3 which illustrates the value of— ^ not only for cooling and humidification 

(I > 1) but also for cooling and humidification of air (0 < | < 1), as well as 
equilibrium humidification along the constant wet-bulb temperature line (f ^ 0) 
and results of several experiments at heating and humidifying air. 

Given in Fig. 3 are also results of experiments carried out at the Scientific 
Research Institute of Water Supply and Heating Installations (NIIST) of the 
Academy of Architecture by E. E. Karpis and M. L. Zusmanowich at | = 2.2 3. 

It is seen from Fig. 3 that ^ = 0 and | = 2 3 the ratio —coincides almost ex- 
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F/g. 3. The dependence of the Lewis ratio upon the moisture condensation coefficient in con- 
ventional spray type air washers. I. Cooling and dehumidification of air. II. Cooling and 
humidification of air. III. Increase of enthalpy of air and 'its humidification. IV. Increase 
of air temperature and its humidification. 1- experiments by the author on cooling air; 2 - 
experiments by the author on humidifying air; 3 - experiments by the author on heating 
and humidifying air; 4 - experiments by Karpis and Zusmanovich (NIIST). 


actly with the theoretical value cited by Lewis. Close to the theoretical value is — ^ 
also in the process of heating and humidification of the air. 

Characteristic of all these ranges is the absence of duality of the moisture 
exchange processes. At equilibrium humidification of air (| 0) the temperature 

of the water temperature cannot change the incline of the line of the air process 
air flow. The process represented in the enthalpy-specific humidity diagram by the 
line of constant wet bulb temperature goes on in all points of the water surface. 

In the case of cooling and dehumidification the air at high coefficients of 
moisture condensation (| = 2 3) as well as at heating and humidification, 

the temperature of the water is certainly not constant. 

However, as the line of the change in state of the air in the enthalpy-specific 
humidity diagram approaches the saturation line at a very small angle, a variation 
of the wter temperature can not change the incline of the line of the air process 
in the apparatus. Therefore, the surface of the water may conditionally be assumed 
as 'isothermal' in the sense of its temperature not exerting any influence upon 
the direction of the air state variation. Thus we may consider the validity of the 
Lewis equation in air washers proved in cases when a certain moisture exchange 
process takes place throughout the entire water surface. 

The process with high coefficients of moisture condensation is typical in the air 
conditioning of mines. 

Hewever, most of the air washers operate with joint dehumidification and 
humidification of the air in which case the Lewis equation is not valid. Hence 
these air washers should be calculated on .the basis of empirical coefficients 
directly giving the final state of the air and the direction of its change. 

The above analysis of the validity of the Lewis equation in the ' case of air 
washers is highly important for the theory of their calculation. 

With high moisture condensation coefficients the flow of condehsed moisture 
coincides with the direction of the heat flow and has the highest value practically 
met with in air coolers. At | = 0 the direction of the flow of evaporating moisture 
is opposite to the direction of the heat flow. 

The validity of the Lewis equation for both above processes proves the presence 
of analogy between heat and moisture exchange at various directions of the heat 
and moisture flows for comparatively small temperature drops and specific 
humidity variations usual in air coolers. It is obvious that the influence of various 
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supplementary heat and moisture exchange processes distorting the Lewis equation 
y in air coolers is comparatively low. This conclusion coincides with the theoretical 
analysis of this problem made by Prof. Berman [7]. 

All above considerations make it possible to conclude that the Lewis equation is 
valid for cooling and dehumidifying air by means of finned surfaces in which case 
there are no possibilities for additional humidification, ' 
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Natural Convection in Air with Temperature Differences 

Convection naturelle de I’air avec faibles differences de temperature. 

K. BRODOWICZ, Dr. Eng. 

Technical University in Warsaw 
Nowowiejska 25. Warsaw, Poland 


SOMMAIRE. La repartition de la temperature etait efjectuee autour de tuyau 
horizontal et d proximite de la surface de la plaque verticale. La difference de tempe- 
ratures entre les surfaces du tuyau et de la plaque et celle de I' air etait connue et 
le coefficient de transmission de chaleur Hait determine. 

U experience a ete realisee pour une diff hence de temphatures de 0,3^ C. Le coef- 
ficient de transmission de chaleur par convection naturelle diminue en fonction de 
la difference de temperatures. 11 existe quelques equations empiriques pour le cal- 
cnl de la transThission de chaleur pour une trh faible valeur de Gr Pr ( telle que 
Iq-2 - 10-^), inais on ne peut pas les etablir pour la convection de Gr Pr (telle que 
et elles n’ont si pas la meme signification qu^une faible difference de temperatures. 

U experience a ete effectuee par V A. pour confronter les resultats du calcul de la 
transmission de chaleur et les formules etablies par d’autres auteurs. Les courbes 
ont ete etablies d'apres les calculs effectuees a partir des formules. La conclusion est 
qu’ elles sont voi sines Vune de P autre. UA. a adopte Vinterferomhre Mach-Zhen- 
ders pour mesurer la repartition de temperatures d proximite des surfaces. 


NOMENCLATURE 

The following nomenclature is used in this paper: 


q - heat stream, kcal/m^h 

a - heat transfer coefficient, 

kcal/m2 °C h 

At - difference of temperature, °C 
Atx=- tx-tf. At = tw-tf 
tf - temperature of surface, °C. 
tw - temperature of ambient, °C. 

X — distance frorh surface, mm 


h - distance from origin plate, mm 

W - angle from vertical 

A - thermal conductivity kcal/m °C. h 

Nu - Nusselt number 

Gr - Grashof number 

C,n ~ constant 

Pr - Prandtl number 


This paper considers a free convection in air for the horizontal pipe and vertical 
plate with the little difference in temperature. 

Determination of heat transfer coefficient "a” with a little difference in tem- 
perature is very important when the instable heat transfer is considered. 

The heat transfer gets smaller when the difference of temperature between the 
ambient space and the surfaces gets smaller too. It is clear that heat stream 
changes according to the formula: 

q = aAt 

in which a changes with change of At The coefficient diminishes when the dif- 
ference of the density of the ambient air gets smaller until At reaches zero, and 
in that case there is no convection at all. To determine the value of a for a little 
At we can use Pohlhausen's theoretical formula 
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or empirical formula 

, Nu — c(Gr Pr)n 

C and n are determined by experiments for large At °C. For a little At °C. c and 
n should be checked by experiment, this is the main subject of this paper. 
Experimental method. 

The visual method by using Mach-Zehnder’s interferometer was adopted and 



was determined, and a was calculated from theformula: 

(dt\ 

aAt — X [~^ I 

\dx/ X — 0 



angle from vertical of pipe b. 
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t was obtained by measuring. The method also allows determination of the tem- 
perature for each point in the boundary layer, which is very important, because we 
can compare the temperature curves with other experiments. 



F/g. Heat transfer coefficient as a function of the distance from origin of plate, a. and 
angle frcwn vertical of pipe b. 


oC 

oCm 



Fig, 6. Relation as a function of the distance from the origin of plate, a. and angle 

from the vertical of pipe b. 
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The experiments described in this paper were made with a copper plate which was 
partly insulated, only one vertical face 110 mm X 200 mm was uncoverd. The 
next experiments were made with copperpipe 0 = 29 mm and 0 = 5 mm 
300 mm long. The pipe was placed in a horizontal position for the experiments, 
plate and pipe were electrically heated, and for stable thermic conditions, pho- 
tographs were made. To obtain conditions dt<0, plate and pipe were cooled by 
means of ether. 

The teniperature difference was measured by thermocouple Cu-Konst with the 
use of compensation according to Lindeck’s sheme. 

The range of At °C. for the plate was -2.7° C. to +9.8° C. and the minimum 
was 0.8° C. and for the pipe it was -3.7 to +10 and the minimum was 0.6° C. 


EXPERIMENTAL RESULTS 



The results of the experiments are shown in the diagramme by the following 
curves: Fig. 3 - Fig. 7. We can see that the temperature curves do not change very 
much but when At diminishes, the boundary layer gets thicker, this agrees with 
the results obtained by calculation according to Pohlhausen’s theoretical formula. 

Fig. 5 a. and b. represent the change of a along the plate and around the pipe. 


Fig. 6 a. and b. represent the values against X or W. If we compare this with 


the results obtained by Schmidt and Beckmann or Jodlbauer we can see that when 
zit diminishes the values become more evenly distributed along the plate as well 
as aroud the pipe. 

Fig. 7 a. and b. give average values of a against zjt°C. In addition the curves 



F/g. 7. Average middle heat transfer coefficient of the free convection on the vertical plate, 
a. and horizontal pipe, b. - as a function of the difference of temperature. 
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obtained by theoretical computation were drawn on the same figures; we can 
« see that the curves obtained by experiments are higher than the theoretically cal- 
culated values. 
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Low Temperature Expansion Turbines 

Turbines a expansion a basses temperatures 
V. I. EPIFANOVA . 

The U.S.S.R. Scientific Research Institute of Oxygen Machine-Building, 

Moscow, U.S.S.R. 


SO MM AIRE. Le developpement des grande s installations pour la production 
d^oxygene gazeux est inseparablement lie d la construction d'une turbine d expan- 
sion sure et simple travaillant d basses temperatures. Une turbine d expansion 
reactive du type centripete dont le rendement adiabatique etait de 80% fut deve- 
loppee en 1939 sous la direction de V acadhnicien P. L. Kapitza. La difference 
principale entre ce nouveau type de turbine^ d expansion et la turbine d expansion 
de Linde du type actif est quoique la grille de V"" impeller ' du premier est du type 
'’*confusor\ que P expansion du gaz a lieu dans impeller' grace au gradient de 
pression considerable cree par Paction des forces centrifuges dans le “long blade 
i?npeller'\ Des experiences ont montre que les exigences principales pour atteindre 
tin haut coefficient de performance consistent en la “confusional mode'* du courant 
de gaz dans P“impeller", les vitesses basses absolues du gaz quittant P“impeller'\ 
P usage correcte du gradient de pression forme par Paction des forces centrifuges 
et la creation de conditions pour lesquelles la vitesse du courant du gaz venant des 
guide vanes" ne depasse pas la valeur critique d* une fa^on importante. Des 
projets pour des turbines a expansion reactives a basses temperatures ont ete 
faites pour des capacites de 300 a 20.000 Nm'^jhr d’air. Le rendement adiabatique 
de grande s machines pent aller jusqiPd 82-83%. Les resultats des recherche s de- 
montrent la possibilite d'augmenter encore le rendement. Les turbines sont a un 
etage, avec soit un “impeller" bilateral monte sur un axe flexible amorti, soit un 
“impeller" unilateral cantilever monte sur un axe rigide. Plusieurs projets de 
turbines a expansion sont di scutes dans cette communication et des recom- 
inundations sont donnees en ce qui concerne les relations et parametres optimaux. 

The last decade has been , characterized by the extensive application of gaseous 
oxygen and other products of air separation in different fields of industry in many 
countries. This trend is accompanied, of course, by the development of new equip- 
ment for large-scale low temperature air-separation plants. 

Big modern air-separation plants for obtaining gaseous products operate on 
low-pressure air refrigeration cycles using compressors and expansion engines of 
the rotary type. Work on low-pressure air-separation installations was started 
in the U.S.S.R. under P. L. Kapitza on the basis of his new expansion turbine. 
The high isentropic efficiency peculiar to this new expansion engine which, in the 
low-pressure air-separation installation, is the only source for refrigeration, ensured 
the development of large-scale oxygen production in big and economical air- 
separation plants. Installations producing up to 15,000 nm-^ oxygen per hour per 
unit, working -continuously for two years, are being successfully run in the U.S.S.R. 
They' have low temperature inward radial flow reaction turbines developed on 
the basis of that proposed by P. L. Kapitza. At present expansion turbines of this 
type have been developed in various countries. J. Wucherer pointed out in a com- 
munication at the Congress that such expansion turbines are reliable in operation 
and notable for their high efficiency. , 

The experience acquired in designing, investigating and operating expansion 
turbines at low temperatures enables us to put forward a contribution on this 
subject. We hope that discussion on the design and construction of expansion 
turbines' will be of great use and favour their further development. 
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Unlike the turboexpanders of the impulse type developed -formerly by the Linde 
Company, in the inward radial flow reaction turbine the air is expanded not only 
in the stationary no 22 les but also in the channels of the wheel at a constant or 
accelerated channel velocity. This is achieved by using wheels with “long blades'", 

/. e, with a small ratio of exit to entrance diameter of the wheel -r » which creates 

di 

a substantial pressure gradient due to the effect of the centrifugal forces. Under 
the operating conditions of the low-temperature expansion turbine , designed in 
air-separation units for a comparatively small enthalpy drop (about 25 kcal/mole), 
such a construction made it possible to lower considerably the energy losses due 
to the flowing' of the gas stream across the turbine. Thus it was possible to keep 
the gas discharge velocity from the stationary no22les about the sonic and to 
employ simple no 22 les. Accordingly the energy losses in the no 22 les and in the 
radial clearance between the no 22 le box and the wheel were reduced. Thanks 

do 

to the small diameter ratio -j- the change in the direction of the gas stream 

is smooth and not very large. This, together with the small relative velocities of 
the gas stream at the inlet and in the course of its usually accelerated passage along 
the channels of the wheel, led to a reduction of losses across the wheel. The gas 
stream leaves the blades at a comparatively small velocity due to the small ratio of 

j ; this consequently cuts down the losses dependent on the exit velocity. These 

are the principal features which made it possible to obtain the high isentropic 
efficiency peculiar to the inward radial flow reaction expansion turbines. However, 
as compared with the impulse turbines, the losses due to the disk friction and 
flowing of the gas past the blades are considerably higher in reaction turbines 
where the pressure drop across the wheel is substantial and the gas in the space 
between the wheel and the casing has a higher pressure. 




Pfg, 1. T-S diagram of the gas expansion process, a) reaction expansion turbine, b) impulse 
turbine. Refrigerative losses: I. in the stationary nozzles, II. across the wheel and the dis- 
charge velocity, III. due to leakage through the inner labyrinth glands. 


Fig. 1 shows the T-S diagram of the process for the reaction expansion turbine 
and impulse turbine; the main refrigerative losses are indicated respectively. 
Refrigerative losses are energy losses determined at the terminal expansion pressure 
by the product of the entropy increase and corresponding mean temperature. The 
different states of the gas are indicated as follows: 0 -- the initial state, 1 - before 
the wheel, 2 - behind the wheel, K - the terminal state taking into account the 
changes in the state of the gas caused by contact with the part of the gas which had 
passed through the inner labyrinth glands. 

If the design and construction ratios are selected properly the total refrigerative 
losses are considerably smaller in the inward radial flow reaction turbines than 
in impulse turbines. 

Low-temperature expansion turbines are being operated in the U.S.S.R. handling 
from 500 to 20,000 nm^ air per hour. The isentropic efficiency at liquefying 
temperatures is 82-83%. J. Wucherer reported even higher efficiencies. It should 
be mentioned, however, that in evaluating the efficiency of expansion turbines 
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which operate at a discharge gas temperature close to boiling point and at small 
enthalpy drop, the accuracy in determining the efficiency depends on the state 
diagrams used and even on the method of calculating the enthalpy by means 
of these diagrams. The calculation of efficiency is also affected' by the method 
of determining the experimental data, i e. the pressure and, particularly, tem- 
perature of the gas which changes considerably in time due to the switching over 
of the regenerators. 

As* a result of investigations and experience in running expansion turbines the 
following optimal design data for low-temperature single-stage expansion turbines 
have been found: 

T- • r ■ ^2 

Exit to entrance diameter ratio -j- 

^1 


Dimensionless wheel inlet width j- 

Ratio of the peripheral wheel speed 
to the theoretical spouting velocity 
which corresponds to the total Cq 

isentropic enthalpy drop 

Reaction, i. e. the relation of the 
isentropic enthalpy drop across the Q 
wheel to the total enthalpy drop 


= 0.38 -4- 0.45 

= 0.025 0.03 

= 0.62 - 0.67 

= 0.35 H- 0.42 



Pig. 2. Inward radial flow reaction turbine with a two-exits-wheel. 


In Fig. 2 and 3 two types of reaction expansion turbines for air-separation units 
are shown. These turbines are single-stage, quite reliable engines, simple in design. 
These two types differ in the design of their wheels. Figure 2 shows an expansion 
turbine which has a wheel with two exits on a flexible shaft. Fig. 3 shows one 
which has a cantilever wheel with one exit on a rigid shaft. In the first case it is 
possible to design wheels of smaller diameter and consequently slightly lower the 
losses due to disk friction and leakage of gas through the labyrinth glands, as 
well as to obtain a more favourable dimensionless wheel inlet width and have 
the rotor free from the influence of axial forces. However, in this case the employ- 
ment of an elastic damping device is required. As experience in running air- 
separation units has shown, in expansion turbines on a flexible shaft without a 
special elastic bearing the dynamic steadiness of the rotor is not ensured in cases 
of disturbances when the liquid air might get into the turbine. 
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F/^. 3- Inward radial flow reaction turbine with a one-exit-wheel. 

A bearing with a damping device as it is shown in Fig. 4, secures the dynamic 
steadiness of the turbine rotor. 

The expansion turbine with a wheel which has one exit is simpler. The bearing 
arrangement of the high-speed shaft of the gear box gives cantilever support of 
the turbine wheel. To balance the axial forces, the labyrinth glands are usually 
located on both sides of the wheel at about the same diameter, and several drillings 
bored through the main wheel disk close to the hub. 

Labyrinth glands with sufficiently numerous combs are employed to reduce to 
3-4% the refrigerative losses due to the flowing of the gas past the blades. The 
leakage of cold gas through the labyrinth glands on the shaft is usually less 
than 1%. 

Comparing these two construction types one might have expected the isentropic 
efficiency of the turbine with a two-exits-wheel to be higher than of that with a 
one-exit-wheel designed for the same conditions. As experience has shown this 
difference is not very essential. Thus the manufacture of expansion turbines with 
a one-exit-wheel is fully justified because of their notable simplicity in construction 
and reliability in operation. 



Fig. 4. Elastic damping bearing. 
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The blade arrangement may be of numerous thin blades (in which case half 
of them are shortened and located only at the entrance) as in our first engines, 
or it may be of the inverse centrifugal compressor type, and then the blades are 
not so numerous. The first blade arrangement has a relative pitch, i. e. the ratio 
of the blade pitch at the wheel entrance to the radial length of the blade tj = 

~~ — ^ about tj = 0.12, the second has a relative pitch about t^ = 0.6. 

As to the efficiency both arrangements, as experience has shown, are of equal 
value, however, from the standpoint of construction, arrangements with less 
numerous blades are more convenient. In addition theoretical considerations imply 
that the number of blades of the inward flow expander wheel may be less than 
that recommended for a centrifugal compressor wheel. That is why at present we 
produce wheels with a blade pitch of about tj = 0.6. 

The investigations performed have shown that in most cases the least energy 
losses are peculiar to those constructions where the inlet angle of the wheel blade 
is 90°. 



Ffg. Nozzle arrangement. 


The stationary nozzles are shaped approximately like those shown in Fig. 5. 
The nozzle angle is usually 14-20°. The velocity factor for nozzles of this type, 
that is the ratio of -the actual discharge velocity to the isentropic discharge 
velocity is 0 = 0.96 - 0.973 if the discharge velocity is close to the sonic, i. e. at 


- — — = 1. If the — — ratio decreases ^ is lowered, that means that the losses 

af*r, 

through the nozzles increase. The negative influence of the section in the nozzles 


may chiefly account for this. 

Calculating the stationary nozzles for a low-temperature expansion turbine one 
should take into account the deviations of real gas from the ideal gas laws by 


introducing the factor for the supercompressibility of gases Z = 


PV 

RT 


. This 


factor is considered to be constant in the course' of expansion, of the gas in the 
nozzles. ' ^ 

Reaction expansion turbines have no devices to control the capacity. Therefore 
the oxygen plants have two identical turbines. During the starting period both 
of them are in operation. At liquefying conditions one of them operates and the 
other remains in reserve. Sometimes it is necessary to change the nozzle box, for 
instance, one set is designed for winter conditions and the other for summer. 
However, the design of a controllable reaction expansion turbine is also possible. 
Preliminary experimental data have shown that it is possible to control the capa- 
city over a relatively wide range, the efficiency being lowered comparatively little. 

Besides the design of controllable turbines, our task is to develop radial expan- 
sion turbines with two or even more expansion stages. / 
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The Main Trend in the Des^ing of Large Gaseous Oxygen Plants 

Les tendances principales dans la construction de grandes installations pour 
oxygene gazeux 

G. M. BARANOV, Director 

The U.S.S.R. Scientific Research Institute of Oxygen Machine-Building, 
Moscow. U.S.S.R. 


SOMMAIRE. Les grandes installations rnodernes pour la production d'oxygene 
gazeux sont toutes hasees sur le principe de hasse pression en utilisant des turbo- 
machines. Le travail sur le developpement d'appareils pour la rectification de Lair 
fut commence dans VUnion sovieti^ue apres 1940 sous la direction de I Academicien 
P. L. Kapitsa en se hasant sur sa turbine a expansion hautement effective. 

A la suite de vastes recherches et du travad experimental execute d VLlllKiMash 
un certain nombre deinstallations furent construites dont les capacites variaient entre 

3600 et 15000 ?n^lhr d’ oxygene gazeux. . 

Dans le rapport le circuit de telles installations est examine et des solutions con-^ 
Crete s sont presentees en ce qui concerne les prohlemes techniques qui se posent a 
la suite de la nouveaute des pro jets et des grandes dimensions des installations. 

La construction des colonnes de rectification et des e vapor ateurs-condenseurs 
d long- tube est montree. La solution des principaux problemes de construction se 
rapportant au drai^nagf de .Lair de vapeur d^eau et d’ anhydride carhonique. est> 
discutee. Le gel du regenerateur est empeche par un regenerateur d' azote supple- 
mentaire avec bourrage ordinaire. La methode pour degeler des unites d hasse 
pression est decrite. 

D experience acquise pendant L operation des installations a grande echelle a de- 
montre que la construction proposee assure leiir operation sans devoir degeler pen- 
dant des periodes allant jusque deux ans. 


The main current trend in the development of technological processes for the pro- 
duction of gaseous oxygen rests on the low pressure principle utilizing turbo- 
machines. 

All relatively large plants were built until late on a two-pressure cycle. The 
introduction of high pressure made it possible to remove from the regenerators by a 
reverse flow the moisture and carbon dioxide that remained on the packing after 
the direct air flow. The high pressure provided also the production of the greater 
part of refrigeration. The so-called rectification process reserves available in these 
plants were also used for the production of refrigeration by expanding in the ex- 
pansion turbine a part of the nitrogen taken from under the condenser cover. 

Plants, operating in two-pressure cycle, are sufficiently reliable and maneuvrable 
but complex in their equipment and in operation due to the presence of high pres- 
sure air, piston compressors, equipment for the chemical purification of air of 
carbon dioxide and an ammonia refrigerating system. 

To eliminate the high pressure and to operate with only low pressures it was 
necessary to design a highly efficient expansion turbine that would allow to com- 
pensate refrigeration losses with a minimum worsening of the rectification process. 
It was also necessaryto develop a system of heat exchanging^devices for freezing 
out the moisture and carbon dioxide present in the air and their subsequent com- 
plete removal by a reverse flow. 

P. L. Kapitsa suggested in 1939-1940 a new highly efficient type of expansion 
turbine - a reactive radial type turbine. The new machine proved to be reliable in 
opetation and to have an efficiency of over 80%. 
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Work was started simultaneously under the guidance of P. L. Kapitsa on the 
development of the first air separating plants operating only with low presssures. 
This work actually laid the foundation for modern methods of producing large 
amounts of gaseous oxygen. However, no method was found at that time able 
to provide continuous operation of the plants for a long period. 

Heat-exchange devices, designed in the USA in the form of regenerators - 
recuperators with an unbalanced flow, are very complex to manufacture and not 
efficient enough (due to a large resistance and a high temperature difference on the 
warm end of the regenerator). 

Further investigations resulted in the development of a more simple in design 
and reliable method of purifying air of water vapour and carbon dioxide with 
clogging of the regenerators eliminated. The problem was solved by including an 
additional nitrogen regenerator with ordinary packing in the layout. 

The essence of this solution can be demonstrated by comparing it with the method 
providing non-clogging of the regenerators in two-pressure plants. 

Conditions providing prolonged operation of the regenerators of two-pressure 
installations without being clogged with carbon dioxide are created, as is known, 
due to a surplus (by 3 to 4%) amount of the reverse flow. This part of the 
reverse flow is provided by high pressure air purified of carbon dioxide and water 
vapour in special apparatus. Thus, in regenerators, packed with discs of corru- 
gated aluminium band heat-exchange conditions are obtained providing, during 
the period of cold blowing, a complete sublimation of all the admixtures remaining 
on the packing after the air has passed and their removal from the regenerators. 

A surplus reverse flow is also used in oxygen regenerators of low-pressure plants. 
In nitrogen regenerators the relation of the reverse flow to the direct one becomes 
in this case even less than unity. The conditions of heat-exchange in nitrogen 
regenerators under which the air is cooled to a state of dry saturated vapour with 
the accumulation of carbon dioxide in the ports of the packing eliminated are 
created by providing an unbalanced so-called “loop” flow. This flow allows transfer 
of part of the heat load of the nitrogen regenerators to the nitrogen subcooler and 
heater thus reducing the temperature difference at the cold end of the regenerators 
and facilitating the sublimation of the carbon dioxide remaining on the packing 
after the warm flow and its removal by the nitrogen. 

A specific feature of this solution, as it has been mentioned, is the unbalanced 
flow provided by the installation of a third nitrogen regenerator. 

The sequence of the flows through each nitrogen regenerators is as follows: 

1. air is passed in a direct flow and cooled while the moisture and carbon dioxide, 
present in the air, precipitate on the cold packing; 

2. nitrogen is passed cooling the packing and removing the deposited impurities; 

3. a flow of air (a “loop” flow) is passed in the same direction as nitrogen and 
additionally cools the packing in the lower (cold) part of the regenerator and 



Fig. 1. Diagram of unbalanced flow provision system. I, II, Ill-nitrogen regenerators; IV- 
heat exchanger for air passing to turbine; V-nitrogen heater. Direction of flows - l’. Air 
to lower column; 2. Air from lower column; 3. Liquid air to lower column; 4. Air to ex- 
pansion turbine; 5. Nitrogen from subcooler. 
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is then dicharged at 160-180°K through special valves from the middle part of 

the regenerator. 

The flows are passed through the other nitrogen regenerators in the same suc- 
cession and while a direct flow of air passes through the first (Fig. 1) regenerator, 
nitrogen flows through the second and the ^loop” air flow is run through the third 
one. 

The mean temperature difference at the cold end of the regenerators is main- 
tained within 5 to 6°C by changing the heat load of the nitrogen heater as well 
as the amount of ‘‘loop” air. 

Thus the purification of the entire amount of air, supplied for separation, of 
moisture and carbon dioxide is performed in the regenerators. 

.An additional purification of the unbalanced flow, which is required in the case 
of a disturbance of temperature conditions in the regenerators, is performed as this 
flow is cooled in a heat-exchanger by means of a heat exchange with the air passing 
from the lower column to the turbine. 

The detaining of the carbon dioxide crystals carried along by the air from the 
regenerators or heat-exchanger as well as the reduction of acetylene content in the 
air flow passing through the expansion turbine is provided by washing the air on 
three washing plates arranged in the lower part of the lower column. 

By applying the above new solutions on the expansion turbine design and the 
prevention of clogging of the regenerators, a technological process was elaborated 
which constituted the basis of a number of low pressure air separating units with 
capacities of from 3,600 to 12,500 - 15,000 norm, m^/hr of gaseous oxygen. The 
largest air separating unit with a nominal capacity of 12,500 norm. m3/hr of tonnage 
oxygen is manufactured on a serial scale. The first experimental unit has been 
in operation since 1956 and worked for the first two years without stopping. 

According to the data of tests the specific power consumption was from 0.43 to 
0.45 kW-hr per norm, m^ of oxygen at a nominal capacity of 12,500 norm, m^/hr 
(at 20® C and 760 mm Hg) when operating without the krypton and pure oxygen 
block and at a value of isothermal efficiency of the turbo-compressor amounting 
to 60%. 

The schematic technological diagram of the part of this unit connected with the 
production of tonnage oxygen is given in Fig. 2. 



F/g. 2. Flow diagram of a 12,500 m®/hr oxygen plant. 1. Oxygen regenerator; 2. Nitrogen 
regenerator; 3. Heat exchanger - nitrogen heater; 4. Acetylene adsorber; 5. Heat exchanger 
for air passing to turbine; 6. Liquid separator; 7. Upper rectification column; 8. Lower 
rectification coli^n; 9- Liquid nitrogen and air subcooler; 10. Carbon dioxide filter; 11. 
Acetylene adsorber; 12. Condenser; 13. Condenser-evaporator of produce oxygen; 14. Ace- 
tylene adsorber; 15. Expansion turbine unit. 

The main air separation block may be equipped, if necessary, with additional 
equipment for the production of primary krypton concentrate and the required 
amount of pure oxygen (99.5% O 2 ). Fig. 3 illustrates the flow diagram for obtaining 
these products of air separation. 

Additional equipment is installed in some cases for the production of a certain 
amount of pure nitrogen. 
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Ffg. 3. Flow diagram of additional equipment for the production of krypton and pure 
oxygen. 1. Concentration part of krypton column; 2. Distilling part of krypton column; 
3. Pure oxygen column; 4. Column for washing pure oxygen of krypton; 5. Krypton column 
upper condenser; 6. Condenser-evaporator; 7. Liquid separator; 8. Krypton concentrate 
evaporator; 9. Pure oxygen condenser-subcooler; 10. Liquid oxygen pump; 11. Pure oxygen 
heat exchanger. 


A respective amount of air is taken from the upper part of the regenerator 
during the ‘"loop” flow of air for heat exchange with the primary krypton con- 
centrate and pure oxygen or nitrogen. 

In designing a plant of a capacity mentioned above, new engineering solutions 
were required for the condensers, rectification column, insulation and other ele- 
ments of the unit as the existing solutions were unfit or caused serious complications 
in operation. 

As a result of investigating various models, a condenser was selected with the 
oxygen boiling inside the pipes and nitrogen condensing in the interpipe space. 
The application ;of this type of condenser made it possible to use considerably 
longer (up to 3 metres) pipes without any essential increase of the hydrostatic 
temperature depression and to provide the necessary surface with a considerably 
smaller number of pipes at a relatively small diameter of the shell. A change of the 
character of the load on the tube sheet caused by the transfer .of the oxygen boiling 
process inside the pipes, made it possible to reduce the thickness of the tube sheet 
by three times and to simplify the construction of the condenser in general. 

One of the main factors limiting the possibility of having the upper and lower 
columns each as a single apparatus was too large a load upon the drain device. 
•After experimental investigations of the hydraulics of the plates, a double-drain 
meshed circular plate was developed which considerably reduced the load upon 
the drain device. This type of plates allowed to increase by 1.5 times the velocity 
of the vapour flow in the columns almost without any increase of resistance 
and, consequently, to considerably reduce the dimensions and weight of the appa- 
ratus per unit of processed air as well as to design the columns in the form of one 
apparatus each. 

A decrease of the load upon the drain device allowed to provide also reliable and 
efficient operation of the rectification columns within a wide range of capacity 
variations (the ratio of the maximum capacity to the minimum amounting to 2). 

Unlike the ordinary method of insulating apparatus located inside a shell by 
filling the entire inner space with insulating material, large units were made 
jacketed with insulating material only between the walls of the jacket. This method 
of insulation reduces the insulating, material requirements and the apparatus and 
' lines become accessible for assembly, repairs and- inspection without the removal 
of the slag wool. Besides, the duration of the starting period is reduced. This is 
why the above method of insulation was considered most rational for large units 
notwithstanding the somewhat greater losses into the surrounding medium. 
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With the flow of high pressure air purified of moisture and carbon dioxide 
excluded from the layout a new defrosting system of the plant was required. The 
plant is defrosted by air that had been passed through the regenerators and heated 
up to 20 “30° C. in a special heater. The heated air is distributed among the 
apparatus of the separation block to be defrosted and then passed in a reverse flow 
through the regenerators. With such an arrangement of the flows the regenerators 
are the coldest apparatus throughout the entire defrostation time. Thus, during 
this process all impurities accumulated in the apparatus in the course of their 
operation are removed. 

An increase in the size of the plants required a new solution of the problem of 
control. For most efficient operation the plants are equipped with recording control 
and measuring instruments and remote control devices. The latter are mounted 
on all the main pipelines thereby' allowing more convenient arrangement of the 
apparatus and simplification of the lines. The remote control is performed from 
the central panel. 

A system of automatic devices is being introduced at present that will make it 
possible to automatically maintain preset operating conditions without any interfe- 
rence of an operator. 

A complex automatic system is being developed for the solution of a larger 
problem of automatically setting and .maintaining the operating conditions in ac- 
cordance with the load. 

The main engineering solutions described above and tested on plants already 
manufactured are used as the basis for developing still larger oxygen plants and 
units for complex separation of air. 


Behrndt bogtryk, Denmark 
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